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tOn leave of absence. 
To His Excellency, 
Honorable Arthur M. Hyde, 
Governor of Missouri. 
Sir:-
I have the honor to submit herewith the annual report of the Director 
of the Agricultural Experiment Station of the University of Missouri. The 
Federal law establishing agricultural experiment stations in the several 
states requires that the Director shall submit annually to the Governor a 
report of the activities for the year. The period covered by this report has 
been one characterized by unusual industry on the part of the scientific staff. 
Significant results have been achieved and the printed reports of these scien-
tific researches represent real contributions to knowledge. The difficulties 
of the farmer increase from year to year. Plant and animal diseases tend to 
multiply as the agriculture of a state grows older. New pests continually 
threaten and methods must be discovered to destroy or control these ene-
mies of the farmer, or the continued prosperity of the agriculture of a state 
is in danger. It is true, therefore, that the demands"tipon the Station in-
crease f.rom year to year. The service which it is possible for the Station 
to render to the farmers is in direct proportion to the resources made 
available by the State. 
Respectfully submitted, 
F. B. MuMFORD, 
Director. 
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NEW KNOWLEDGE 
One Year's Work, Agricultural Experiment Station 
F. B. MuMFORD, Director 
The year covered by the report submitted herewith has been character-
ized by exceptionally fruitful activity. The brief summaries of results 
from one year of scientific research are some indication of the fundamental 
values of the Experiment Station in the agricultural development of a state. 
The results which are here reported are all the more signi ticant when it is 
remembered that the Missouri Agricultural Experiment Station receives 
. perhaps the smallest direct state appropriation of any station in the Middle 
W est. The average direct state appropriation to experiment stations in 
the Middle West, including Michigan and Ohio on the cast and Minnesota, 
Nebraska and Kansas on the west, exceeds $158,500 annually. The Missouri 
Experiment Station, including the sums appropriated for soil sur vey and 
for outlying experiment field s, receives only $40,000 for one year. The 
result of limited appropriations for the Missouri Experiment Station has not 
been to decrease the quality of the work accomplished, but to greatly limit 
its operations. It is not possible for this station to investigate promptly 
all the farmer's problems some of which may he of tremendous importance 
to him, and as a result there is a distinct loss to the agriculture of the state. 
The number of projects under investigation must be strictly limited. The 
Missouri farmer cannot always understand why the Missouri Experiment 
Station is not in a position to help him in all of his problems, as seems to 
be the case in some of the better endowed experiment stations. 
The record of the work accomplished by this Station for the year end-
ing June 30, 1922, gives ample evidence of the industry of the station staff. 
Perhaps no year in the history of the Experiment Station has been so 
fruitful of results. Each new year now becomes increasingly valuable since 
we are building upon foundations that have been laid in the past by earnest 
and fundamental scientific research. Many of the results included in this 
year's report are based upon observation through many years. 
The annual report covering the activities of an agricultural experiment 
station may be a mere formal statistical record with little vital information 
of interest either to farmers or investigators. It is possible, on the other 
hand, to include sufficient detail in a report to make the publication a real 
contribution to knowledge. It is obviously not possible to w·rite complete 
reports in a publication of this character. From the nature of this report, 
all statements must be very brief, concise and accurate. An attempt has 
been made in submitting the report for the year not only to include the 
more or less formal statistical information essential, but to indicate briefly 
some of the accomplished results. Some effort has been made to deal with 
interpretations of the observations made by investigators. It is hoped that 
this purpose may have been in a measure accomplished. 
The publication of the results of scientific research in an experiment 
station is of prime importance. Only through publication can results 
obtained by scientific investigators reach the public. It is therefore impor-
6 MrssouRr AGRICULTURAL ExPERIMENT STATION BuLLETIN 197 
tant that the results of agricultural investigation should be promptly pub-
lished and widely circulated. It has not been possible, during the past year, 
to publish all the bulletins that have been fi led with the Director for publi-
cation. At the time this is written, there are twelve bulletins report ing upon 
co:npleted investigations which cannot be published for lack of funds. It 
is in the highest degree important that special funds be provided for wider 
publication of the results of the Experiment Station. It is poor economy 
for the state to expend money for investigation for the benefi t of agricul-
ture and then be in such a position that it cannot promptly publish and 
widely distribute the results of such investigations. 
COOPERATION WITH THE UNITED STATES DEPARTMENT 
OF AGRICULTURE 
The Agricultural Experiment Station of the University of Missouri 
has profited by the cooperation of the United States Department of Agri-
culture in a number of important projects: 
.Soil Survey.-For many years the Bureau of Soils has been cooperat-
ing with the Agricultural Experiment Station in completing det ailed soil 
surveys of Missouri counties. The Bureau of Soils has not on ly cooperated 
directly in the examination of soils but has printed nearly all of the reports 
on the surveys of Missouri counties. 
Beef Cattle Survey.-The departments of animal husbandry and farm 
management have cooperated with the Bureau of Animal Industry in a bee! 
cattle survey. The results from this survey will be of great value. 
Seed Testing Laboratory.-For many years the Station has cooperated 
with · the United States Department of Agriculture in a seed testing labor-
atr-v located in the Agricultural Building at Columbia. T he work of this 
laborll.tory has been of great service to Missouri. 
'fhe Station is also cooperating with the Office of Cereal I nvestigations 
of the Bureau of Plant Industry, and with the Bureau of Agricultural Eco-
nomics in a study of land prices. 
COOPERATION WITH THE STATE BOARD OF AGRICULTURE 
The College of Agriculture has cooperated with the Missouri State 
Board of Agriculture in a number of important projects. Perhaps the most · 
important single project is the cooperation in the annual Farmers' Week 
held at the College of Agriculture. T he State Board of Agriculture has 
generously provided for the general evening meetings and has greatly con-
tributed to the success of Farmers' Week by bringing noted speakers to this 
event. The College of Agriculture furnishes the day program and has 
organized the work around special interests stich as poultry, live stock, 
horticulture, farm management, dairy and home economics. •· 
The College of Agriculture is also cooperating with the State Board of 
Agriculture in connect ion with the seed testing laboratory, the certification 
of good purebred seed, and the analyses of feeding stuffs. 
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CHANGES IN STATION STAFF 
APPOINTMENTS 
EARL W. HENDERSON, Instructor in Poultry Husbandry. 
A. C. Hn,L, Assistant in Field Crops. 
E. S. LLOYD, Deputy Nursery Inspector. 
0. C. McBRIDE, Assistant in Entomology. 
E. L. MoRGAN, Professor of R~tral Sociology. 
V. R. BoswELL, Assistant in Horticulture. 
E. W. COWAN, Assistant in Agriwltural Chemistry. 
C. W. DAVIS, Half-time Assistant in Farm Management. 
OwEN HowELLS, Assistant Professor of Rttral Sociolog)'· 
RESIGNATIONS 
E. S. LLOYD, Deputy Nursery Inspector. 
CHESTER F. AHMANN, Assistant in Agric1tltural Chemistry. 
B. M. KING, Assistant in Field Crops. 
R. M. SMITH, Assistant Chemist. 
V. R. BoswELL, Assistant in Horticulture. 
A. C. HILL, Assistant in Field Crops. 
0. B. PRICE, Instructor in Soils. 
PUBLICATIONS 
Through the publications of the Agricultural Experiment Station the 
results of investigations arc placed directly in the hands of a great number 
of persons in all parts of the State. Three series of publications are issued-
bulletins, research bulletins, and circulars. 
Bulletins.-Each bulletin is a definite report on some specific investiga-
tion. The results are so ·presented as to be readily understood by the farmer, 
and the methods by which the results were accomplished are recounted. 
Ten of these were printed or reprinted during the year. 
Research Bulletins.-These· are detailed scientific reports of investiga-
tions presenting technical information for the investigator or the man well 
advanced in agricultural knowledge. Nine numbers in this series were 
issued during the year. 
Circulars.-The circulars are popular reports of experimental results, 
or a summarization of the best information extant. They apply to the 
everyday problems of the Missouri farmer. Seven numbers in this series 
were printed or reprinted during the year. 
Distribution.-The number of daily requests for these publications con-
tinued to increase. There was also maintained a regular mailing list of more 
than 6,000 addresses including all the public libraries and educational insti-
tutions in the State. There was, moreover, a constant demand from the 
high scho.ols of the State for buJletins and circulars to be used in daily 
classwork. In more than half the counties of the State· the county agri-
cultural agents aided in a very effecpve distribution of these publications 
to farmers and homemakers. 
Press Service.-The Missouri Farm News Service, a 5-column printed 
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press service containing approximately 4,000 words, was issued every week 
throughout the year. This was sent every Saturday to 1,438 addresses in-
cluding every newspaper and farm journal in Missouri. It consisted of 
short, timely articles designed to benefit the farmers and homemakers of 
the state by supplying in brief, readable form the best scientific counsel on 
current problems. 
Radio Service.-On March 7, 1922, the Experiment Station and Ex-
tension Service inaugurated a radio service sent daily during the plant-
ing season and at irregular intervals thereafter. Up to the 30th of June 48 
of these wireless messages were sent out. Each message summarized the 
essential Station results on some problem of immediate timely importance. 
The broadcasting of these messages was made possible by the cooperation 
of the Signal Service of the Reserve Officers' Training Corps at the Univer-
sity transmitting station, Major L. E. Jones in charge. 
Bulletins 
(Published during the year ending June 30, 1922.) 
No. Edition Total No. 
No. Title Pages 
166 Handling Farm Manure (Reprint) ........ 27 
114 Corn Versus Oats for Work Mules (Re-
print) .......................................................... 20 
188 Productive Methods for Wheat in Mis-
souri ............................................................ 40 
189 One Year's \;\/ork of the Experiment 
Station ........................................................ 64 
190 Cost of Crop Production m Missouri m 
1921 ................ ............................................ 16 
191 Seed Studies With Irish Potatoes ............ 32 
192 Testing Fertilizers for Missouri Farm-
ers: 1921 .................................................... 70 
193 The Home Vegetable Garden as a Busi-
ness Proposition .................................... 21 
194 Better Methods of · Tomato Production 24 
195 Productive Methods for Soybeans in 
Missouri 32 
Research Bulletins 
43 Studies 111 Animal Nutrition-! ................ 112 
44 Precipitation and Growth of Oaks at 
Columbia, Missouri .............................. 22 
45 The Effect on Growth of Breeding Im-
mature Animals .................................... 49 
46 Characters Connected with the Yield of 
the Corn Plant ............................. ,.......... 17 
47 The Localization of Factors Determining 
Fruit Bud Formation ............................ 19 
48 An Investigation on the Hardening Pro-
cess in Vegetable Plants .................... 97 
Printed 
7,500 
2,000 
15,000 
7,500 
8,000 
2,000 
7,/lOO 
4,000 
7,500 
12,000 
2,500 
1,500 
2,000 
2,000 
2,000 
2,000 
Pages 
202,500 
40,000 
600,000 
480,000 
128,000 
64,000 
525,000 
84,000 
180,000 
384,000 
280,000 
33,000 
98,000 
34,000 
38,000 
194,000 
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No. Edition Total No. 
No. Title Pages Printed Pages 
49 Experiments in Field Plot Technic for 
the Preliminary Comparison of 
Yields in Small Grains ....................... . 
50 Certain Responses of Apple Trees to 
Nitrogen Applications of Different 
Kinds and at Different Seasons ....... . 
51 Influence of Plane of Nutrition on the 
Maintenance Requirement of Cattle 
Circulars 
78 
18 
48 
61 Docking and Castrating Lambs (Reprint) 4 
73 Rye and Bluegrass Pastures for Ewes 
(Reprint) .................................................. 8 
91 Feeding the Baby Chick (Reprint) ........ 4 
103 Sweet Potato Growing in Missouri (Re-
print) ---------------------·-········· ··········---·-······----- 12 
105 Productive Methods for Oats in Missouri 16 
106 Seed Potatoes for Better Yields ............ 8 
98 The Mangum Terrace (Supplement only ) 2 
GRAND TOTAL ...................... ,................. 860 
2,000 
2,000 
2,500 
a,ooo 
4,000 
15,000 
4,000 
15,000 
15,000 
2,500 
150,000 
SYNOPSES OF NEW PUBLICATIONS 
156,000 
. 36,000 
120,000 
12,000 
32,000 
60,000 
48,000 
240,000 
120,000 
5,000 
4,193,500 
Productive Methods for Wheat in Missouri, C. A. Helm and L. ]. 
Stadler (Missouri Agr. Exp. Sta. Bul. 188 (l!J21), pp. 3-40, fig. 8).-
Variety tests are reported and definite varietal recommendations are made 
for each section of the State. This bulletin also includes the best cultural 
practices with particular reference to Missouri soils and climate, methods 
of seed production, rate of seeding, and a consideration of the crops that 
are used to best advantage preceding and following wheat. 
One Year's Work of the Agricultural Experiment Station, F. B. Mum-
ford, Director, (Missouri Agr. Exp. Sta. But. 189 (1921), pp. 3-64, fig. 16).-
This is the annual report of the Director of. the Agricultural Experiment 
Station setting forth the progress that has .been made on the investigationat 
projects of the Station in the year ending June 30, 1921. It also covers the 
work of the service projects, the publications and the administration of 
finances. . 
The Cost of Crop Production in Missouri in 1921, B. H. Frame (Mis-
souri Agr. Exp. Sta. Bul. 190 (192i), pp. 2-15, fig. 2).-This report is based'. 
on studies extending over a period of 11 years and involving the daily cost 
records of farmers in all sections of Missouri. The amount of man and 
horse labor required to produce the staple grain crops is thus definitely 
ascertained and the actual costs per ton or bushel are computed in current 
figures. . . 
Seed Studies With Irish Potatoes, J. T. Rosa, Jr. (Missour{ Agr. Exp. · 
Sta. But. 191 (1922), pp. 3-32, fig. 5) ,-This .bulletin reports ~4e results of 
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four years of investigation with a large number of varieties of Irish potatoes, 
including a number of strains of each of the more important ones. Definite 
recommendations are made of two varieties most productive as early crop-
pers in Missouri, and of five other• varieties best for late planting. Results 
are reported showing the best practices in storage, care, cutt ing and plant-
ing of seed potatoes. 
Testing Fertilizers for Missouri Fanners: 1921, F. B. Mumfo.rd and 
L. D. Haigh (Missouri Agr. Exp. Sta. Bul. 192 (1922), pp. 3-70, fig. 1).-
This publication is a report on the analyses of 318 official s~mples repre-
senting 173 brands of commercial fertilizers offered for sale in Missouri. 
The power of local outcrops of native limestone to neutralize soil acidity is 
reported also in percentage of calcium carbonate for 897 samples tested for 
Missouri farmers. The brands and guarant eed analyses of fertilizers regis-
tered for sale in Missouri in 1921 are listed. Violations of the Missouri 
Fertilizer Law are definitely reported. T he investigations r eported show 
that the increased profits on money invested by farmers in fertilizers dur-
ing a four-year rotation have averaged for limestone 75 percent, bone 
m!'!al 182 percent, acid phosphate 289 percent, potash 83 percent, and farm-
yard manure 117 percent. 
The Home Vegetable Garden As a Business Proposition, J. T. Rosa, Jr. 
(Missouri Agr. Exp. Sta. Bul. 193 (1922), pp. 2-16. fig . 8).-This bulletin is 
not a discussion of gardening methods, but a record and comparison of the 
net returns from two types of garden over a period of three years.· Two 
experimental gardens were maintained during the years 1919, lll20 and 1921 
to determine· the actual value of the products from a farm garden SO by 
135 feet, and from a backyard garden 30 by 75 feet, together with the total 
expenditures of cash and labor involved. The bulletin reports these experi-
ments in detail. 
Better Methods o.f Tomato Production, J. T. Rosa, Jr. (Missouri Agr. 
Exp. Sta. Bul. 194 (1922), pp. 2-24, fig. 9).-This bulletin takes up every step 
in tomato growing: varieties, sources of seed, plant production, preparation 
of soil, the use of fertilizers, plant setting, cultivation, mulching, and the 
control of diseases and insect enemies. 
Productive Methods for Soybeans in Missouri, W. C. Etheridge and 
C. A. Helm (Missouri Agr. Exp. Sta. Bul. 195 (1922), pp. 2-32, fig. 13).-
This is a comprehensive report on the soybean investigations at the Experi-
ment Station and on the outlying experimental fields in all parts of the 
State. Results are applied to all the problems involved in growing this 
comparatively new crop-varieties and their sectional adaptation, prepara-
tion of land, inoculation of seed, planting, cultivation, harvesting and stor-
age. The usefulness of the plant as a hay crop, in crop rotations and as a 
catch crop is also reported. 
Studies in Animal Nutrition. !~Changes in Form and Weight on Dif-
ferent Planes of Nutrition, C. Robert Moulton, P. F. Trowbridge ana L. D. 
Haigh (Missouri Agr. Exp. Sta. Res. Bul. 43 (1921), pp. 3-111, fig. 30).-This 
is the first of four reports which together will constitute a comprehensive 
tmalysis and interpretation of all the data gathered in the "Use of Feed Ex-
periment" which was started in the spring of 1907. The present report fol-
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lows one phase of the investigation from the beginning to the close and 
includes data on 59 different animals. 
Precipitat:on and the Growth of Oaks at Columbia, Missouri, William 
] . Robbins (Missouri Agr. Exp. Sta. Res. Bul. 44 (1921), pp. 2-21, fig. 4). 
In this bulletin is recorded the average annual ring width (or annual growth) 
for oaks at Columbia for 90 years, from 1830 to 1919. By considering con-
current records of rainfall with especial reference to that in March, April, 
May and June each y~ar, the author is able to show a definite relation be-
tween rainfall and tree growth. The age of the tree is also shown to be a 
factor in the rate of growth. 
The Effect on Growth of Breeding Immature Animals, F. B. Mumford 
(Missouri Agr. Exp. Sta. Res. Bul. 45 (1921), pp. 2-37 plus 12 pages inserted 
for figures, fig. 12).-This report covers ten years in breeding young swine 
and gives in detail results supporting the following conclusions: That the 
period of gestation has a tendency to increase the rate of growth; that 
immature sows bred at five months of age and twice a year thereafter are 
smaller at maturity, but that this diminished size, has no very important 
practical significance; that the lactation period is a heavy drain on the 
animal and checks its· growth. 
Characters Connected! With the Yield of the Corn Plant, W. C. Ether-
idge (Missouri Agr. Exp. Sta. Res. Bul. 46 (1\l21), pp. 3-17, fig. 1). This 
bulletin includes two closely related papers: I.-A study of the Correlation 
Between Yield and Certain Characters of the Corn Plant; and II.-A Study 
of the Relation of Certain Ear Characters to Shelling Percentage, Shrinkage 
and Viability. 
Localization of the Factors Determining Fruit Bud Formation, H. D. 
Hooker, Jr., and F. C. Bradford (Missouri Agr. Exp. Sta. Res. Bul. 47 
(1921), pp. 2-19).-The data presented in this report show that the factors 
influencing fruit bud differentiation are localized narrowly at times, and 
widely at times. Though conditions within the spur are always important 
and frequently decisive, conditions in the tree back of the spur arc also 
important and frequently decisive of the spur's performance. In this per-
formance the spur, the whole tree or branches may be units, and the indi-
vidual spur is influenced, sometimes at least, by the performance of the 
other spurs. 
Investigations on the Hardening Process in Vegetable Plants, J. T. Rosa, 
Jr. (Missouri Agr. Exp. Sta. Res. Bul. 48 (1921), pp, 2-97, fig 16).-This 
report covers a prolonged series of experiments with cabbage, tomato, egg-
plant, pepper and sweet potato plants, also careful reference to 141 former 
works on cold resistance and the killing of plants by cold. Original data 
are presented in this report indicating that cold resistance in plants is due 
to the increased water-retaining power of the cells, and that this in turn 
is ass.ociated with decreased moisture content, increased pentosan content 
and other chemical changes within the plant. 
· Experiments in Field Plot Technic for the Ptt"eliminary Determination 
of Comparative Yields in the Small Grains, L. J. Stadler (Missouri Agr. 
Exp. Sta. Res. Bul. 49 (1921), pp. 2-78, fig. 8).-The experiments here re-
ported were designed to obtain information on several factors affecting 
trc acct1racy of preliminary variety and strain tests, with a view of devising 
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an improved technic for this important phase of crop improvement work. 
The data presented bear directly on the following points: (1) The extent 
of error from varietal C·ompetition in border rows, and the relation of such 
competition to the characteristics of the varieties; (2) The relative variability 
of plots of 1, 3, and 5 rows, and the number of replications necessary for 
a given degree of precision with plots of the three sizes, and (3) the effect 
on variability of adjusting yields by means of check plots. 
Certain Responses of Apple Trees to Nitrogen Applications of Different 
Kinds and at Different Seasons, H. D. Hooker, Jr. (Missouri Agr. Exp. Sta. 
Res. Bul. 50 (1922), pp. 2-18).-This experiment included the treatment and 
sampling of two orchards of York trees 20 and 16 years old respectively, 
one orchard bearing in even years and the other in odd years; and of another 
orchard containing Jonathan, Ben Davis and Grimes trees. 
The Influence of the Plane of Nutrition on the Maintenance Requirement 
of Cattle, A. G. Hogan, W. D. Salmon and H. D . Fox (Missouri Agr. Exp. 
Sta. Res. Bul. 51 (1922), pp. 2-48, fig. 5) .-Calves of beef breeding were se-
cured, divided into three groups, and each group was placed on a different 
plan.e of nutrition. There we.re larg e differences in the food intake of the 
three groups, and the data obtained affords an opportunity to study ·tl; e 
maintenance requirement of these steers. 
Productive Methods for Oats in Missolllri, C. A. Helm and L. ]. Stadler (Missonri Agr. Exp. Sta. Circ. 105 (1922), pp. 16, fig. 1).-This circular takes 
up in logical order the most productive methods of seed bed preparation, 
soils and fertilizers, time of seeding, rate of seeding, harvesting, utilization 
for hay, the use of oats as a nurse crop and in mixtures with other crops, 
and the question of the most profitable varieties under Missouri conditions, 
and the production of good seed. 
Seed Potatoes fo.r Better Yields, ]. T. Rosa, Jr. (Missouri Agr. Exp. Sta. 
Circ. 106 (1922), p. 8, fig. 3).-This is a condensed summary of the investi-
gations reported in Missouri Agr. Exp. Sta. Bul. 191, entitled Seed Studies 
with Irish Potatoes. The conclusions from these studies are clearly sum-
marized in the form of definite recommendations for the potato grower and 
home gardener. 
CONTRIBUTIONS TO SCIENTIFIC JOURNALS AND 
PERIOD! CALIS 
F; B. Mumford, A. G. Hogan, W. D. Salmoil!.-The Influence of the 
Plane of Nutri~0111 on the Maintenance Requirements of Cattle. Journal of 
Agricultural Research. Vol. 22, p . 115 (1921). Calves of beef-breeding were 
divided into three groups, and each fed on a different plane of nutrition. 
Group I was fed to grow rapidly, but no't to become fat. Group II was 
placed on a lower nutritive plane and was fed to gain• about lh pound per 
day. Group III was placed on a still lower nutritive plane and fed to gain 
about ~ pound per day. Three of these animals have been under observa-
tion seven years, and seven others for four years. The net energy of ·the 
feed consumed was calculated by use of the Armsby factors, and• the energy 
value of the changes in body weight was estimated from the composition 
of similar animals that had been analyzed at this station. The difference 
between the net energy consumed and the energy stored was taken as the 
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maintenance requirement of the steers. This maintenance requirement in 
net energy was calculated to a uniform weight of 1,000 lbs. and found to 
be as follows: Group I 5. 777 therms per 1,000 lbs. live weight; Group II 
4.869 therms; and Group III 4.408 therms. 
William A. Albrecht.-Viable Legume Bacteria in Sun-Dried Soil, Jour-
nal American Soc. of Agronomy Vol. 14, No. I and II, 1922. It is generally 
believed that bacteria do not live in sun-dried soil, and that for inoculating 
purposes on new fields fresh soil must be used. Tests were run regularly 
every six months for viable legume bacteria of soybeans and red clover 
in soils that had been dried in the the sun, dried in the dark and left out of 
doors. To find the bacteria, the respective legumes were grown from 
sterile seeds under conditions preventing contamination; and results showed 
nodule production by all the soils regardless of their treatment, after they 
had been producing none of the legumes for 30 months. Results of the 
test showed that evidently direct sunlight and desiccation are not so de-
structive to the legume organism in the soil as to impair dry or stored soil 
111 serving as inoculating material. 
Richard Bradfieldi.-A Centrifugal Method for Preparing Colloidal Fer-
ric Hyd·roxidie, Aluminum Hydroxide; and Silicic Acid. Jour. Amer. Chem. 
Soc. Vol. XLIV, No. 5, May, 1U22. If the fresh' precipitates of ferric hydrox-
ide, aluminum hydroxide and silicic acid are washed sufficiently by decan-
tation they will start to become colloidal and further washing by that means 
is in_1possible. If the suspension of such partially washed precipitates is 
passed through a high-powered centrifuge, generating a centrifug·al force 
40,000 times gravity, all the semi-colloidal material will be deposited on the 
walls of the centrifug-e bowl. If this deposit is removed and resuspended 
in distilled water a considerable fraction of it will be found to be more 
hig-hly dispersed than it was before this centrifugal washing. If such wash-
ings are repeated sufficiently (a to 5 times ordinarily) the precipitate will 
be dispersed enough to yield a true colloidal solution which shows no 
tendency to settle out. The chief advantages over the older methods of 
preparation are: (1) a product containing much less electrolyte can be 
obtained: (2) sols of different sized particles can be separated: (3) sols of 
any desired concentration from semi-gels to the merest trace can be pre-
pared by diluting the more co~centrated sols: ( 4) the method is applicable 
for the preparation of colloidal solutions of a large number of substances 
which yield gela~inous reversible precipitates. 
W. J. Robbins.-Cultivation of Excised Root Tips and Stem Tips Under 
Sterile Conditions. Botanical Gazette 73: No. 5, May, 1922, 376.-390. A sim-
ple method of growing isolated meristematic tissue of higher plants, root 
tips and stem tips, under sterile conditions. The excised root tips and stem 
tips of corn, cotton and peas make considerable growth in the dark in solu-
tion cultures containing mineral salts and glucose or levulose. They make 
more growth in the presence of glucose than in the presence of levulose and 
little growth when the sugar is not present. When the excised root tips 
of corn are grown for ten days or two weeks in the dark in a solution cui· 
ture containing glucose and mineral salts, and the tip is then cut off and 
transferred to a fresh solution of the same type, the amount of growth in 
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the second period is less than in the first and ceases in the third period. 
The possible .reasons for this cessation .of .growth are discussed. 
E. F. Hopkins.-Varietal Susceptibility of the Yellow Bellflower Apple 
to Cedar Rust. Phytopathology 12: 190-192. April, 1922. This is a brief re-
port on the abundant ·Occurrence of apple rust on the twigs of the Yellow 
Bellflower variety of apple. The affected trees of this variety were among 
a number of other varieties, none of which were affected. Both this fact 
and the fact that the disease is not frequently recorded on the twigs except 
in the case of susceptible varieties, show the Yellow Bellflower to be a 
susceptible variety. 
E. F. Hopkins.---lStudies on the Cercospora Leaf Spot of Bur Clover. 
Phytopathology, 11: 311-318. August, 1921. In these studies it is pointed 
out that this disease which is caused by C ercospora medicaginis E. & E., is 
carried over from one season to· another by means of mycelium on the seed 
coats and that this seed infection is general. It was found that boiling the 
seed, a method which is practiced to hasten germination, not only fails to 
control the disease, but causes considerable injury to the seed. This in-
ju~y is · indicated by reduced and slower germination. Recommendations 
are made that seed free from burs be used and that this seed be treated 
with formaldehyde before sowing. 
E. F. Hopkins.-The Botrytis Blight of Tulips. New York (Cornell) 
Memoir 45: 315-361. August, 1921. This paper presents the results of an 
extended study of this disease which is caused by Botrytis Tulipae (Libert) 
Hopkins. The symptoms of the disease as it occurs on the bulbs, 
s1alks, leaves, and flowers are given in detail. It is shown that 
the fungus is carried on the bulbs in the form of small black sclerotia 
and it is suggested that the disease was introduced into this country from 
Europe by means of bulbs. Numerous infection experiments carried out 
with pure cultures of the organism are reported which demonstrate its pathe-
genicity to tulips. Similar experiments on other plants varyingly related 
to the tulip show also that this parasite exhibits a weak and varying degree 
of ability to attack other plants. It is recommended that the following 
measures will largely hold the disease in check: (1) Selection of clean 
bulbs. (2) Careful handling and storage of the bulbs. (S) Systematic 
removal and destruction of diseased plants in. the field. 
E. F. Hopkins.-Note on the Hydrogen1-ion Concentration o£ Potato 
Agar and a Titration Curve of this Medium with Lactic Acid. Phytopath-
ulogy 11: 491-494. December, 1921. The results p.resented show that the 
hydrogen-ion concentration of potato dextrose agar is easily determined 
and is quite constant. The average for nine different preparations gives 
the value pH 7.37 +-0.05. The effect of lactic acid on the reaction of this 
culture medium is given in the form of a titration curve and S1'g"gestions as 
to its application are made. 
E. F. Hopkins.-Hydrogen-ion Concentration in Its Relation to Wheat 
Scab. American Journal of Botany 9: 159-179. April, 1922. The experi-
ments reported in this paper were undertaken to determine if possible a 
limiting acidity for seeding infection of wheat by Gibberella Saubinetii. A 
study of the organism shows that although a wide range of acidity is tol-
erated there is a minimum in. the growth curve which varies from ahout 
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pH 5.5 to pH 6.0 The use of various substances to change the reaction 
indicates that the effect on the growth is due to the concentration of the 
hydrogen-ion and. not to the concentration of other ions or molecules 
present. This growth curve is found to be correlated with seedling infec-
tion at varying soil acidities. Here also a minimum is shown at pH 5.5. 
As this is not an unusual acidity to which soil could be adjusted it is sug-
gested that the results may have a practical bearing on the control of soil-
borne diseases. 
H. D. Hooker, Jr.-The Season of Application of Nitrogenous Fertilizers 
as Affecting Chemical Composition of Spurs and Bark. Proc. Am. Soc. Hort. 
Sci. 18: 150-152. 1921. Spring applications of nitrogen increased the nitro-
gen content of all spurs, which may explain the increase in percentage of 
fruit set. Spring applications left no residual effect in the percentage nitro-
gen content of spurs or bark a year later. Summer an d fall applications 
increased the nitrogen content of bearing spurs the following spring but 
not that of the bark, and the later the application the greater the increase. 
F. C. Bradfo·rd.-The Present Status of Orchard Fertilization. Bien. 
Rept. Kan. State Hort. Soc. 36:126-129. 1922. The importance of nitro-
gen applications to apple trees is discussed as it increases growth and set 
of fruit and as it decreases fruit bud differentiation. 
V. R. Gardner.-Where do we Stand on the Pruning Question? Ill. Hort. 
Soc. 55: 182-190. 1921. Winter pruning of apples does not tend to increase 
size of fruit or yields but moderate thinning out of the top lets in light 
and improves color. It also makes spraying more effective and harvesting 
more convenient. Indirectly pruning is of great value but it should not be 
overdone. 
F. C. Bradlford.-Problems in Teaching F·reshman Pomology. Proc. 
Am. Soc. Hort. Sci. 18: 241-245, 1922. The appropriate subject matter for 
freshman courses in pomology and methods of presentation are discussed. 
]. T. Rosa, Jr.-Relationship of Water-Retaining Capacity to· Hardiness. 
Proc. Am. Soc. Hort. Sci. 18: 166-169. 1921. The differential reactions 
after subjection to hardening treatments of plants possessing potential 
hardiness (as the cabbage) and of plants lacking this (as the tomato) indi-
cate that the chief distinction between hardy and tender species lies in 
their. ability to initiate changes whereby the stability of protoplasm and the 
water-retaining capacity of the cell are increased. 
Henry D. Hooker, Jr.-Hortlculture as a Science. Science 55 : 384-388. 
1922. The relation of horticulture to other sciences is illustrated by refer-
ence to recent work on the hardiness problem. The importance of consid-
ering treatment in relation to specific physiological processes is shown by 
a discussion of fertilizer experiments. 
A. C. Ragsdale, Samuel Brody.-"The Effect of Tempex:ature Upon the 
Percentage of Fat in Milk: a First Report", Journal of Dairy Science, Vol. 
V, No. 2, March, 1922. It is shown that all other conditions being approxi-
mately the same, the lower the environmental temperature t he higher the 
percentage of fat in cows' milk. There was roughly an increase of 0.2 per-
cent in the fat for a decrease of 10°F. within the environmental temperatures 
between the observed limits of 40°F. to 70°F. 
A. C. Ragsdale, Samuel Brody, C. W. 'rurner.-The Variation in the 
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Percent of Fat in Successive Po!rtions of Cows' Milk. J ottrnai of Dairy 
Science, Vol. IV, No. 5, September, 1921. It is shown that the variations 
in the percent of fat in successive portions of cows' milk as drawn from 
the gland were very nearly the same as variations in the percent of fat as 
drawn from a cylinder in which the milk was at rest for three hours. This 
fact is discussed in its bearing on the current theories of milk secretion. 
A. C. Ragsdale, C. W. Turner.-The Stage of Lactation as a Factor in 
the Variation of the Percent of Fat in Cows' Milk, Journal of Dairy Science, 
Vol. V, No. I, January, 1922. The data presented were derived from a 
study of the records of 4,753 Guernsey, 299 Jersey and 95 Holstein-Friesian 
yearly tests. It is shown that under conditions such as ordinarily prevail 
in the management of dairy cattle and independent of th e season of the 
year or character of the diet, the stage of lactation had an influence on the 
percent of fat in cows' milk. There was a noticeable decline from the first 
month to the second and in some cases this influence continued in a less 
degree for at least three months. Following the low period there was a 
gradual increase iri the percent of fat which became more pronounced during 
the last month of lactation. 
Samuel Brody.-The Relation Between the Age of an Animal and the 
Rapidity of Its Growth. The American Society of Animal Production, rec- · 
ord of proceedings of annual meeting, November, 1921. Attention is called 
to the fact that the amount of flesh gained by an animal per unit time at 
different ages of the growing period varies in a cyclic or periodic manner. 
The practical applications of this fact are discussed. 
C. W. Turner.-A Method of CompaT:iJng Fat Records of Jerseys. The 
Jersey Buiietin, Vol. XVI, No. 21, May 24, 1922. A method of comparing 
the fat records of Jersey cows of various ages is presented. The average 
fat production at various ages of all Jersey 365-day records was plotted. 
It is shown that there was a .rapid rise in the production of fat as the age 
of the cow advanced until about the eighth year. This was foJiowed by a 
gradual decline as old age approached. The plotted curve may be used to 
obtain the average fat production of the Jersey cow for any age. With this 
information and also the age when maximum production can be expected, 
the mature equivalent record can be obtained by simple proportion. When 
this method was applied to the daughters of Sultana's Virginia Lad it was 
found that the mature equivalent fat production of twenty daughters aver-
aged 593 pounds. A comparison of the records of the dams and daughters 
showed an increase ,of 221 pounds in favor of the daughters. 
NEW EQUIPMENT 
New Agricultural Building.-A new Agricultural Building, costing $200,-
000 is now being · constructed. This will give a greater amount of space than 
has heretofore been .available for Experiment Station work. The offices 
of the Dean and Director, the Agricultural Editor, the Mailing Rooms, the 
Agricultural Library and Seminar Rooms as well as the Departments of 
Soils, Rural Life and Poultry Husbandry will be located in this building. 
New Cattle Barn.-A new cattle barn, large enough to take care of 
100 head of cattle and a sufficient quantity of feed to provide for them 
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through the winter, is being constructed on the University Farm. This 
building is located away from the other buildings and will be made a cenier 
for beef cattle investigations. The barn will be 66 feet wide by 202 feet 
in length. 
Other Buildings.-A new Hospital, Women's Gymnasium, Power House, 
Chemistry Building, Mechanic Arts Building and an addition to the Medi-
cal Building are being constructed at the present time. A number of these 
buildings will have a direct bearing on i!}Vestigational work carried on at the 
University of Missouri. 
New Horticultural Laboratory.-A large sized laboratory has been com-
pleted in the unfinished third floor of th e Horticultural Building. 
Apparatus and Supplies.-A considerable amount of small scicnti11c ap-
paratus · and supplies has been purchased during the year. 
SUBJECTS NOW UNDER INVESTIGATION 
The following list of subjects indicates the scope and character of the 
scientific research now in progress in th e Experiment Stat ion. All of these 
projects are now under investigation by an efficient staff of scientifi c in-
vestigators. 
Agricultural Chemistry. 
Fertilizer Control. P rotein Storage in Protoplasmic 
Chemical Service. Tissue. 
Usc of Feed Experiment. 
Agricultural Engineering. 
A Study of the Methods of Pro- An Investigation of Sanitary Con-
longing the Service of W ood Fence ditions on Farms and Experiments 
Posts. to Determine the Best Type of Sani-
lnvestigations to Determine the tary E quipment. 
Draft of Various Farm Implements The Draft of \Vagons. 
and the Cost of Different Operntions 
with Them. 
Animal Husbandry. 
Limited Grain Rations for Fatten- Rate ,of Growth in Domestic Animals 
ing Cattle of Different Ages. and the Permanency of the Effects 
Growing Draft Colts. of Arrested Development. 
Relation of Feed Consumed to Rations for Pigs at Weaning Time. 
Protein and Energy Retained in the Relative Efficiency of Bred Mares 
Carcass. for Fa.rm Work. 
Age as a Factor in Animal Breed- Physical Composition of Beef. 
ing. Forage Crops for Hogs. 
Factors Influencing the Normal 
Botany. 
A Study of the Metabolism of tration to the Growth of Plants. 
Roots. . A Study of Certain Fusarial Dis-
Relation of Hydrogen-ion Concen- eases of Plants. 
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Dairy Husbandry. 
A Study of the Colostrum with 
Special Reference to the Effect of 
Heat, (Pasteurization) on its Physi-
co-Chemical, Bacteriological, Immu-
nological, and Nutritional Changes. 
Factors Affecting the Normal. 
Composition of Milk. Factors In-
fluencing the Percent and Quantity 
of Fat in the Milk of .Cows on Offi-
cial Test. 
Nutrition of Heifers-Protein Re-
quirements for Growth. 
I nfluence of the Nutrition of Heif-
ers ·and the Age of Breeding Upon 
Their Subsequent Development. 
Raising Calves on Milk Substitutes. 
Official Testing of Dairy Cows. 
Standards of Growth for Dairy 
Cattle. 
T he Effect of Each Ingredient in 
the Manufacture of Icc Cream. 
Entomology. 
An investigation to Determine the 
Life History, Development, and 
Habits of the Corn-Ear Worm and 
Practical Methods of Controlling its 
Ravages. 
A Study of the Life Cycle of the 
Codling Moth, and the Best Time 
and Method of Applying Insecticides 
for Controlling It. 
Injurious Insect Pests of Melon 
and Related Crops. 
To Determine Accurately the Life 
Cycle of the Hessian F ly in Mis-
souri and the Most Effective Meth-
ods of Controlling It. 
An Investigation of Methods for 
Controlling the Chinch Bug. 
An Investigation to Determine 
What Insects are Injurious to Nurs-
ery Stock in the State, Their Life 
Histories, Distribution, Injury and 
M ethocls of ·Control. 
Field Crops. 
Cultural Experiments with Cotton, 
including Fertilizer Tests. 
A Study of the Adaptations of the 
Important Varieties of Wheat for 
Missouri Conditions. 
A Study of the Adaptation of the 
Important Varieties of Spring Bar-
ley for Missouri Conditions. 
A Study of the Cultural Require-
ments and Adaptations of Sudan 
Grass. 
A Study of the Adaptations of the 
Important Varieties of Cotton for 
the Southeast Missouri Lowlands. 
A Comparison of the Most Impor-
tant Grain Sorghums with Corn for 
Grain and Forage Production. 
Cultural Experiments .with Corn. 
A Genetic Analysis of Maize. 
Comparison of Soybeans and Cow-
peas for Hay and Seed Production. 
A Study of the Important Varie-
ties of Oats for Missouri Conditions. 
Wheat Breeding Investigations 
including the Improvement of Com-
mercial Varieties by: (1) The Pure 
Line Method of Breeding, (2) Hy-
bridization and Subsequent Selection. 
A Study of the Adaptations of 
the Important Varieties and Selec-
tions of Soybeans to the Various 
Soil Types of the State. 
Seed Testing Laboratory. 
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Horticulture. 
Spraying Fruits for Insect and 
Fungus Diseases. 
Treatment of Apple Canker Dis-
eases. 
Nutrition and Plant Response of 
Vegetables. 
Home Vegetable Garden. 
Investigations with Seed Potatoes. 
Transplanting Investigations with 
Vegetables. 
Breeding Apples for Late Bloom-
ing Habit. 
Fruit Bud Development of Fruit 
Trees as Influenced by Treatment 
and Previous Crops. 
Peach Breeding for Hardy Sorts. 
Orchard and Strawberry N utri-
tion. 
Study of the Factors Influencing 
the Rest Period of Horticultural 
Plants. 
Poultry Husbandry. 
Effect of Early Laying on Egg 
Production. 
Influence of Time of Hatching on 
Future Production. 
Length of Period Required to 
Reach Maturity as an Indication of 
Future Egg Production. 
Value of Sour Milk, Beef Scrap, 
Cottonseed Meal, Gluten Meal and 
Oil Meal in Rations for Egg Produc-
tion. 
Time of Molting as an Index to 
P as t and Future Egg Production. 
Age as a Factor in Poultry Breed-
ing. 
The Value of Sour Skim Milk and 
Beef Scraps in Rations for Grow-
ing Chicks, and the Cost of Grow-
ing Chicks. 
To Determine Relation Between 
Utility Score Card Characters of 
Pullets and Egg Production. 
Rural Life. 
Utilization of Labor on the Farm. 
Cost of Producing Beef in Mis-
souri. 
Cost of Producing Farm Products 
Under Farm Conditions. 
The Agricultural and Market Value 
of Missouri Farm Lands. 
Cost of Family Living on the Mis-
souri Farm. 
Soils. 
Experiments to Determine the 
Best Systems of Soil Management 
for the Most Important Soil Types 
in Missouri (Soil Experiment 
Fields). 
The Determination and Mapping 
of Missouri Soil Types (Soil Sur-
vey). 
The Production and Distribution 
of Bacteria for Legumes. 
Crop Rotation and Fertilizer Ex-
periments. 
Studies of Water Absorption, Run-
off, Percolation, Evaporation, Capil-
lary water movement and Soil Ero-
sion Under Field Conditions. 
The Rate of Accumulation of 
Nitrogen and Carbon in Soils Under 
Different Systems of Green Manur-
ing and Cropping. 
Determination of the Relative 
Values of Different Forms of Phos-
phorus Upon the Soil at Columbia. 
Studies on the Longevity of B .. 
Radicicola in the Soil. 
Nitrate Accumulation in a Soil as 
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AffeCted by the Crop and Cultiva-
tion. 
Effects of Different Soil Treat-
ments, Long Cont inued Upon Bac-
terial Activity in the Soil. 
The Effect of Different Amounts 
and Different Methods of Applying 
Commercial Fertilizer on the Corn 
Crop. 
Effect of Weathering and Storage 
U pan the Composition of Barnyard 
Manure. 
Studies of the Tight Clay Layer in 
the Soils of the Level P rairies of 
Missouri. 
T esting Soils for Their Lime 
N eed. 
Veterinary Scien,ce. 
The Distribution of Abortion In-
fection in Swine by Positive React-
ing Immune Carriers. 
Contag ious Abortion Investiga-
tions. 
Experiments on Complement Fix-
ation in Hog Cholera. 
Investigations on the Action and 
Dose of Vermifuge Remedies for the 
Hog. 
Experiments on t he Viability of 
Hog Cholera Virus. 
H og Cholera Serum Manufacture 
and Distribution. 
Hog Cholera, an d the Factors 
Concerned in Immunity Against the 
D isease. 
SERVICE PROJECTS 
Fertilizer Control (F. B. Mumford, D irector; L. D. H aigh, Chemist)-
The work of inspection in the fall of 1921 included inspection in 30 counties 
and the collection of 236 samples of fertilizer. In the spring ,of 1022 six 
counties were visited and 75 samples coll ected. In all 85 towns were visited. 
In addition r equests for the analysis of 1 7 special samples of fertilizer and 
400 ·samples of limestone were received. Bulletin 102, published this year, 
gives the results of the analysis of 302 samples of fertilizer and of 897 sam-
ples of limestone. There is also listed the names of all brands of fertilizer 
which may be legally sold in the state during 1922. Still another table 
shows the approximate distribution in 1921 of the different kinds of fertilizer 
throughout the State by counties. 
Testing Soils for Their Lime Need (M. F. Miller, W . A. Albrecht)-In 
order 'to further the use of limestone on the acid soils of M issouri the De-
partment of Soils has been m.aking tests of acidity for farmer s and county 
agents largely by the Truog method. There are now available records of 
approximately 3,500 such tests representing most of the counties of the 
state. These tests are not only furnishing the farmer and county agent the 
information desired regarding the general need of individual soils for lime 
but they are supplying the Experiment Station with a considerable amount 
of data showing the relative degrees of acidity in the soils of different parts 
of the State. Approximately 1,500 of these tests were made during t he year. 
The accompanying map shows the location of these .tests. 
This work is of great assistance to the soils extension specialists who 
are putting on a definite campaign for the use of more lime and legumes in 
Missouri. Along w ith this testing of soils the Department of Agricultural 
Chemistry has also tested a large number of limestone samples. The cam-
paign for increasing the use of lime has resulted in rather a widespread 
interest in the home grinding of limestone and the value of local limestones 
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for this use, particularly in certain sections of the State. A large numb er 
of portable grinder s have been installed during the year. 
F'!g. 1.-L ocut!on of soil 
neltlit r tests made by the 
Experiment Station for 
1\Iissom·i farmer.s from 
Muy 7, 19!!0, to ,Tune 30, 
E•lCh dot means one 
The Production and Distribution of Bacteria for Legumes (W. A. Al-
brecht).-The production of cultures of legume bacteria is one of the many 
activities of the Experiment Station in helping Missouri farmers. The im-
portance and value of inoculation for new legumes 'Dr new soils is now 
recognized. During the year 22,322 cultures were produced and distributed 
to approximately 2,950 individuals, representing approximately 60,000 acres 
of legumes. '!'he varieties of legumes and their numbers of cultures pro-
duced were as follows: 
Soybeans .......................... 16,277 Mammoth Clover .................. 8 
Alfalfa .................................. 3,189 Alsike Clover ..................... .48 
Sweet Clover .................... 1,108 Field Pea .................................... 8 
Cowpea .................................. 881 Velvet Bean .............................. 7 
Vetch ........................................ 85 H ubam Clover .......................... 7 
Reel Clover ............................ 684 Garden Bean ............................ 5 
Crimson Clover ...................... 12 Garden Pea ................................ 3 
'!'his was a significant increase over the figures of the previous years, 
mainly because of the increased demand for · bacteria for soybeans. Unusual 
seasonal conditions coupled with growing popularity of this crop seem to 
be responsible for this demand. The method of distribution was improved 
and simplified so that better service can be expected. 
Reports from farmers using the cultures indicated success with newer 
legumes and the increased demand for the cultures suggested that the signifi-
cance of the bacterial activity of legumes for soil inprovement is being more 
full y ;IJ >Jlr t·r i:il ed . 'l' i!c <tL'l' C!tt tpan y itt g' ttt :IJ l sho11·s t It t' pritl t' ip :tl J, r; tliti l';; 
in ll' ili c lt l' ltitur l'S ll'l' rc di s trilntt r d . 
The Determination and Mapping of Missouri Soil Types-Soil Survey 
(~ 1. 1:. ~d i ller , II. II. Krm e k o pf, 'vV m . D e Yo un g, JJ. V. J o rrl ;tn ). - l n coo p-
Fig-. ~ . S,d l !-1 111'\'e ,v workC I'~ H:ltllpl(• I ltc 
1 op :l(; lnl'iu·~ of so il o n t~ Vl'I 'Y u·u ac res. 
er;tti o tl witl t ti ll' ft· d t· r a l 1\ tlr t· au nf 
So il s , 1nap s \1 l' r c C<•mplclt' d o f .\n -
dr l'W ~ nd Miss iss ippi t· nunti t·, dur-
in g til e pas t fisca l y l' a r a nd a h e-
g in nin g m ~ d c o n 1\ay a tHI 1\ ot~ n c 
co unti es. '!'h e cll unti es sun·l'yed 
to dale numhl'l' .i.i a nd in c lud e 
n i> o ul r; (i p e r ce nt o f th e ll.tal a re a 
o f til e S tat e. 
A s pe · ial lll :IJl of th e brow n 
loess so il, fo und o n th e u p la nd s 
b o rd er in g tl1 e M is» iss ippi a nd M is-
so uri ri t·<' r s was co m p ltt e cl durin g 
th e yea r a nd th r e p o rt is b e in g 
pr epare d fo r pub li ca ti o n. Thi .; m a 1 
w il l show s ix di s tin c t ph ases 
o f thi s so il a nd th e r e p o rt w ill be 
in th e n a tur e o f a utilit :1 ri a n pub -
lica ti o n fo r til e b e n fit r, f th ose 
wi s hin g to bu y or fa rm thi s la nd. 
Th g r eat r a nge of c r o p a dapta-
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tions of this soil, together with its marked frui t possibilities, have instigated 
the preparation of this publication. 
Seed Testing Laboratory (W. C. Etheridge, Miss Kathleen Bland, Mrs. 
E. L. Rogers).-A total of 3,511 lots of seeds were tested by the Seed Test-
ing Laboratory during the year. Of these lots 2,588 were tested for Mis-
souri farmers and seedsmen, and 329 for the Missouri State Board of Agri-
culture in connection with its seed inspection for the administration of the 
state seed law. 
There were 923 samples tested for fa rm ers and seedsmen of other states 
as follows: 
Colorado ................................ 315 South Dakota ........................ 18 
Nebraska ................................ 287 New York ................................ 12 
K.ansas .................................... 140 Wisconsin .................................. !) 
Alabama ................................. .40 T exas .......................................... 6 
Iowa .......................................... 35 Illinois ........................................ 1 
Wyoming .................................. 32 Minnesota ........ ......................... .4 
Arkansas .................................. 23 Oklahoma .................................. 1 
Number of tests made for: Purity, 1,478; Germination, 1,607; Examina-
tion, 29; Identification, 280; and for the Custom House, 57. 
The number of samples received : J uly 1, 1020, to June 30, 1021, was 
2,876; and from July 1, 1921, to June 30, 1022, was 3,510. 
This shows an increase of G:l4 samples over those of the previous year, 
composed mainly of clovers, alfalfa, soybeans and grasses. 
Due to the unusually large number of samples sent in, tests could not 
be made in regular order. Those sent in by farmers were tested first, then 
the county agent samples and those from the smaller seed firms. Samples 
from the larger firms were tested· last, for in most cases they have their 
own seed laboratories and often the seed is sent here as referee or check 
on their own work. 
Nursery Inspection Plant Inspection Service (L. Haseman, Chief In-
spector, K. C. Sullivan, 0. C. McBride).-The Plant Inspection Service of 
the Missouri Agricultural Experiment Station was organized in 1913 under 
the act of the Legislature of that year creating the Plant Inspection Service. 
The entomologists of the Agricultural Experiment Station had, from 1895 
until 1913 served as unofficial plant inspectors. Since 1913 the work has 
been administered in accordance with the provisions of the Plant Inspection 
Act. 
This service was designed primarily for rendering service to hort icul-
ture and closely allied agricultural work. As QUtlinedi in the introduction to 
the Bill the Act is for the protection of Agriculture and Horticulture from 
dangerously injurious insect pests and plant diseases, but as in most states 
special &tress has always been placed on the protection of orchards and nurs-
<:ries. In recent years, however, it has been necessary to extend the work 
to include inspections of strawberries, sweet potato plants, floral stock, 
greenhouse plants and with the discovery of the European corn borer and 
Flag smut of wheat the Inspection Service has been called upon to render 
service in the protection of grain crops. 
From 1913 until 1919 the total expense of the Inspection Service out-
side salaries of inspectors, was met by the growers receiving inspection. 
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This limited the work and for the past two biennal periods $7,000 and 
$10,000 respectively were appropriated by the Legislature. This has enabled 
the Service to expand its work, secure and retain better inspectors and 
enter somewhat upon the vital problem of orchard inspection and clean-up 
work. To horticulture the scaly orchard is the most vital single problem in 
the state. The I nspection Service during t he past yea r began its at tack on 
this big problem by inspecting a large acreage of orchards and by beginning 
systematic scale clean-up work in St. Louis, Cooper, McDonald, Newton 
and Jasper counties. This work is to be continued as one of the prin cipal 
projects of the Service. Encouraging cooperation is being given by the 
growers and calls for help from various orchard centers are being received. 
This work will render a greater real service to the orchard industry of the 
state than any other phase of the Inspection Service's wor k. 
During the year we have carried out the regular nursery inspection work 
and unfortunately were forced to condemn ·a considerable quantity of stock 
due to infestation with San Jose scale. One nurseryman alone lost close to 
$15,000 worth of stock. The past t wo mild winters seem to have favored 
this scourge and exceptional care has been taken to prevent its spread on 
nursery stock. The acreage of nursery stock inspected, its distribution, the 
inspection of foreign stock and the issuing of official papers is all covered 
in the accompanying tabular report. 
Nurser ies inspected .................................................................................................... 151 
Counties in which nurseries were located ............................................................ 51 
Men n1aking inspections ··············--··············.·········-··············--·······························----·····4 
N urseries infested with San Jose scale .................................................................... 7 
Amount of nursery stock condemned ........................................................ $30,000.00 
Cases ·of imported nursery stock inspected ........................................................ 132. 
Plants from foreign countries inspected .................................................... 1,206,893 
Counties in which foreign stock was received .................................................... 7 
Sweet potato beds inspected .................................................................................... 10 
Counties in which sweet potato beds were inspected ........................................ 5 
Nursery Inspection Certificates issued ................................................................ 146 
Sweet Potato Inspection Certificates issued ........................................................ 10 
Dealers' Certificates issued ... : .................................................................................... 31 
Agents' permits issued ---··--··---···-·······-···-··························-----········-··········'·················$3 
Outside growers' permits . issued ............................................................................ 138 
Official Testing of Dairy ·Cows (A. C. Ragsdale, C. W . Turner).-Nine 
hundred eighty seven (987) cows were tested for yearly records. Super-
visors made a total of . 655 visits to breeders and conducted 3,543 two-day 
semi-official tests. Forty-seven additional visits to breeders were made 
and a total of. 159 seven-day tests conducted. 
Golden Fontaine's Susannah, a Jersey cow owned by Longview Farm. 
Lees Summit, Missouri, already a state champion in the junior 3-year-old and 
in the senior 4-year-old classes broke the m ature state record by producing 
889 pounds of butterfat from 16,689 pounds of milk, The senior yearling 
record was broken by Celeste's Golden Glee owned by Edgar Hart, Urich, 
Missouri. She produced 8,097 pounds of milk containing 474. pounds of 
butterfat. In the junior 2-year-old class Gem's Leta owned by Coleman 
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I~arm, Coleman, Missouri, became champion with a production of 11,162 
pounds of milk and 563 pounds of butterfat. 
Wadmantje Finderne Pride Pontiac, a senior 2-year-old Holstein cow 
owned and tested by Pickering Farm, Belton, Missouri, broke the state 
record in her class by producing 22,154 pounds of milk and 689.6 pounds of 
butterfat. 
Campus Josephine Galaxy, bred and owned by the University of Mis-
souri, broke the senior 4-year-old record by producing 20,510 pounds of milk 
and 702 pounds of butterfat. 
Production and Distribution of Anti-Hog-Cholera Serum (0. S. Crisler, 
F. D. Goslin) .-The work has been not only of great aiel to the swine 
raisers but has been a helpful means in carrying on research work in swine. 
ailments, and has given material aiel in other research work. 
During the current year the serum laboratory supplied farmers either 
directly or through veterinarians and county farm bureaus, 2,043,675 cubic 
•Centimeters of anti-hog-cholera serum which was distributed in 1,549 orders 
to 71 counties. During the past year cholera was more prevalent than dur-
ing the previous year and the demand for serum greater. 
From time to time. the serum plant has been improved and is now one 
-of the best equipped plants in the country. New equipment has been added 
as funds would permit, which has made it possible to produce anti-hog-
-cholera serum under the most sanitary and modern me~hods. 
Blackleg Vaccine Distribution (H. G. Newman).-A total of 13,785 
·doses of blackleg vaccine was distributed during the year. This is an increase 
-o:f 640 doses over the preceding year. The distribution was to stock raisers 
direct . and through county agents and veterinarians. As a considerable 
number of small herds were vaccinated which were not reported directly 
to this office, it is estimated that more than 1,000 individual herd owners 
received service. 'fhe results reported during the year indicate that the 
-protective value of the government blackleg vaccine had maintained the ex-
-Cellent reputation it had gained through its several years of use in various 
parts of the State. 
After July 1 of this year the U. S. Bureau of Animal Industry ceased to 
make and supply the Colleges of Agriculture and Experiment Stations with 
the blackleg vaccine for distribution. Therefore the College is no longer 
able to furnish blackleg vaccine. 
Co·operation with Cattle Breeders and Swine Breeders on Abortion In-
·vesti,gations (J. W. Connaway, A. J. Durant, H. G. Newman).-During th.e 
year, 146 breeders of purebred cattle and 39 breeders of swine have had ser-
vice from this department in the testing of their herds, and investigation of 
same for infectious abortion. The total number of cattle tested was 1,675, 
and the total number of swine 370. This is double the number of herds 
·of cattle tested the previous year; and four times the number of swine herds 
previously tested. The total number of tests and retests made on cattle 
were 2,642, and on swine 1,049. 
In addition to the immediate practical service rendered, data of consid-
-erable sdentific valu'e relating to this disease were obtained. 
Cooperation with Stockraisers and Veterinarians in the ·Study of Various 
Diseas.es (J. W. Connaway, L .S. Backus, A. J. Durant).-An increased num-
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ber of pathological specimens and parasites related to various diseases of 
horses, cattle, sheep and swine were received and examined during the year. 
This- has been useful in the instructional work of the department, and an aid 
to the experimental researches. 
Cooperation with Poultry Raisers in the lnves•tigation of Poultry Dis-
eases. (A. ]. Durant) .- The continued demands for information upon the 
part of poultry raisers c-oncerning diseases have greatly increased the work 
of the laboratory in the study of pathological materials sent in for diagnosis. 
This has been especially useful for instructional work, and of value for 
research studies. The total number of sick birds and pathological specimens 
examined during the year was 522. 
CORRESPONDENCE 
The Agricultural Experiment Station has come to be a great bureau of 
information on every subject connected with the industry of agriculture. 
Many hundreds of letters are received annually asking for information. 
Fox tunately, because of the organization of the Experiment Station, includ-
ing as it does specialists in every line, it is generally possible to give the 
information desired. In some cases entirely new problems are presented 
which necessitate careful scientific research. It is desirable that the funds of the 
institution be increased so that we can promptly investigate these new 
pr<;>blems. 
It is possible to answer many requests through sending a publication 
which has already been issued and which covers the subject the inquiring 
farmer may have in mind. This feature of experiment station work is im-
portant in the development of the agriculture of the state. The farmers of 
Missouri have in the Agricultural Experiment Station an unbiased, dis-
interested source of accurate information on every phase of agriculture. 
It is the purpose and policy of the Experiment Station to investigate every 
important problem as soon as funds are available, and to be prepared to 
give out this information promptly. 
EXTENSION ACTIVITIES 
The College of Agriculture has from the very beginning engaged in 
various types of extension work which had for its purpose the bringing 
directly to the fa·rmer on his own farm benefits of knowledge accumulated 
by the College and Experiment Station. For many years the extension activ-
ities were conducted by members of the staff whose primary work was · 
teaching students at Columbia or carrying on investigations in the Experi-
ment Station. The demand for this work grew so rapidly and the funds 
available became so large that it was necessary to provide a special depart-
ment or organization of the work specifically charged with the duty of carry-
ing such information directly to farmers. · 
The Agricultural Extension Service was organized in 1912. The present 
director, Mr. A.]. Meyer, and a large corps qf workers have been able greatly 
to extend the se.rvice and have accomplished a remarkable work in the 
agricultural development of the state. A v'ery brief statement of some of. 
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the achievements of the Extension Service in recent years is included in 
this report. 
Vvhen the Extension Service was organized, the staff consisted of seven-
teen persons, exclusive of the President, the Dean and ExtensioH Director, 
ten of this number being county agricultural agents. This number has 
grown to 102 persons to meet the growing demands for the service, and 
includes 58 county agricultural agents and 11 county home economics agents. 
There have been prepared, published and distributed 116 different publi-
·Cations dealing with tried and proved farm and home practices. Of these 
there were a total of 1,897,500 copies of all editions with an average of nine 
pages each. 
Reports for the last four years work in home economics show that 
.314,852 women have received instruction in one or more lines of work. In-
structions in canning resulted in $1,281,079 worth of products being canned 
in one season. In the past three years $114,312.75 has been saved in millinery 
and clothing alone. No money value can be placed on the results from 252 
schools serving hot lunches to 8,562 children, or the 6,744 women who serve 
balanced meals to their families or on the 7,301 persons who have adopted 
better health habits or the 9,151 children who arc being fed foods especially 
.adapted to their individual needs. The value of the 715 labor savers, includ-
ing water systems, washing machines and smaller equipment, that saved 
the purchasers a total of more than 22% years of time, cannot be estimated. 
The Farm Marketing project in the three years time that it has been 
in progress has cost the State of Missouri $4,790.i2, and the U. S. GO<vern-
ment $12,447.15 or a total of $17,237.27. During that time 121 Livestock 
Shipping Associati·ons, 48 Cooperative Farmers Elevators and 51 misccl-
'laneous commodity marketing associations have been organized by or with 
the help of the Agricultural Extension Service. In 1921 these associations 
did a total business of $10,789,845.00 and saved for the producers $816,925.00 
thus saving in one year more than fatty-seven times the entire cost of tl:e 
work for three years. 
Due to the activities of the Soils Department, in 1920 alone, 3,768 farm-
ers became users of commercial fertilizers and in 1921, moreover 11,812 
farmers became new users of commercial fertilizers. The Soils Department 
assisted 3,625 farmers in selecting fertilizer in 1921 as against 2,680 in 1920. 
In 1917, the College has a record of only 303 acres of clover and other 
legumes plowed down for green manure; four years later this had increased 
to 20,773 acres. A total of 1,461 fanners in 49 counties, in 1921, were con-
vinced of the advisability of using lime to correct soil acidity, and as a re-
sult, 57 limestone pulverizing plants were installed, and 41,253 tons of lime 
were used in 1921, whereas only 4,850 tons were made use of three years 
previous to . this. 
The most important work in crop improvement has been improving, 
selecting, testing and certification of seed, as well as treatment for smut, 
and introducing varieties best suited to different localities. 
This work has been carried on mainly by establishing demonstrations. 
For example, the Experiment Station found through its demonstration field 
at Cuba, that the Virginia variety of soybean was the best for hay and 
seed on the thin Ozark uplands; also that on this type of soil that the best 
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varieties of grain sorghum will give an average yield of six times as much 
grain as corn. During the past year, this fact has been demonstrated in 
10 co.unties in the Ozark section through the efforts of the Extension force. 
In 1915 there were altogether 34,396 acres planted to corn, wheat, oats, 
alfalfa, sweet clover and soybeans under the direction of the 'College. In 
1921 this acreage had increased to 158,789. During the past year 22,186 
bushels of corn, 14,160 bushels of soybeans and 10,730 bushels of wheat were 
certified and made available to Missouri farmers through the seed inspection 
service of the Agricultural Extension Service cooperating with the Missouri 
Corn Growers Association. 
In the animal husbandry work stress has been laid on better feeding 
methods and breeding for quality. Demonstrations in feeding carried out 
by farmer cooperators who followed methods previously tested by the 
·Experiment Station were the means of introducing better methods of caring 
for livestock. 
The 99 livestock breeders' associations organized by extension agents 
in 48 different counties have aided in increasing the enumeration of pure-
bred livestock through sales, 187 having been held in the past year with 
proceeds totalling $1,353,804. The number of purebred · bulls introduced 
into counties through the encouragement and recommendation of the Col-
lege of Agriculture was 46 in 1916 and 464 in 1921. 
J n 1916 there were 70 animals tested for tuberculosis on advice of the 
College and 40,149 in 1921. 
'ro increase production and to insure greater profit through lower costs 
has been the main concern of the dairy extension workers, and to this end 
an effort has been made to eliminate inferior cows and scrub bulls and to 
improve feeding methods and housing conditions. There were 293 scrub 
bulls replaced with purebred bulls in 1921, and cow testing work was carried 
on in twelve counties with 2,566 c•ows on test, this work having trebled since 
1918. 
Milk production increased 7 perceJ1t, while the returns per dollar invested 
in feed increased from $2.17 in 1919 to $2.25 in 1920, and $2.48 in 1021. With 
a $60,000,000 dairy feed bill annually in Missouri, the value of this work may 
readily be seen. 
In 1918,. the first year that the poultry extension work was carried on 
intensively, there were 24 demonstration flocks established in 13 counties 
with an egg record of 101 and a p·rofit of $2.38 per hen. In 1921 there were 
238 demonstration flocks in thirty-seven different counties with an egg pro-
duction of 125 and a profit of $2.88 per hen. 
Poultry culling in 1918 discarded a sufficient number of unproductive 
hens to save $177,806 in feed bills. In 1919 the estimated saving due to this 
work was $275,665. 
Poultry practices were modified by improving methods on 2,513 farms 
in 1920 and on 4,621 farms in 1921. 
Work in Horticulture was carried on in 16 counties in 1916, this num-
ber having increased to 41 in 1921. The number of orchards pruned and 
sprayed in 1915 was 71, while in 1921 there were 1,171 that received proper 
care. 
Spraying and dusting demonstrations for disease control were given in 
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19:H in Southeast Missouri where 15,000 acres of watermelons and cantaloupes 
are grown annually. The untreated fields yielded one car load from seven 
acres while the treated fields produced one carload for every three acres. 
Fertilizer demonstrations for tomato growing were conducted in St. 
Louis and Jasper counties and the results showed that where instructions 
were followed the net profit was $79.25 per acre. 
During the year 1916 it was estimated that the loss due to the Hessian 
fly was 6,000,000 bushels of wheat. Since then annual campaigns have been 
conducted to influence the farmers to observe the fly-free date and in 1921, 
approximately 100,000 followed the advice ·of the College. 
There were 2,470 farmers in 1920 who used one or more methods of in-
sect control recommended by the College of Agriculture and the following 
year this increased to 3, 708. 
Chinch bugs were found in 103 counties in 1920, and by a clean-up and 
burning campaign that fall, they were partially controlled in 26 counties. 
Through the direct influence of the Extension Service there were 31 
water systems and 35 lighting plants installed in 191.9. There was an increase 
to 60 of the former and 46 of the Ia tter in 1921. 
The boys and girls are interested in farm life through dairy, poultry. ani-
mal husbandry, horticultmc and farm crops clubs organized for this pur-
pose. Last year (1921) there were O:lfl clubs with a total membership of 8,-
723 at work in 90 counties. 
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INVESTIGATIONAL WORK IN PROGRESS DURING THE YEAR 
. ENDING JUNE 30, 1922. 
The value of an annual report of investigational work depends chiefly 
upon the records of activities during the year covered by the report. There 
is always a temptation to recount the entire history of a research project 
rather than to report upon the work accomplished during a working year. 
An effort has been made in this report to cover a twelve-month period. 
These reports are valuable in indicating the character of the research pro-
jects at this Experiment Station and' recording the progress made from year 
to year. The records are not complete summaries of all the work under-
taken by the departments. Many minor projects are not included. This 
report does, however, include .all the major projects and is a fair ly accurate 
index of the achievements of the Station during the year. 
AGRICULTURAL CHEMISTRY 
(C. R. Mour,roN, Chairman) 
Use of Feed! Expe:ri:ment (C. R. Moulton).- Changes in P1'oportions of 
Carcass and Offal on Different Planes of Nutrition.-Hereford-Shor thorn beef 
steers were fed on three planes of nutrition: (1) full fed from birth; (2) fed 
for maximum growth without !e.ttening giving gains of one pound per day 
for the first two years; (3) fed for scanty or retarded growth gaining about 
0.69 pounds per day for the first two years. The slaughter house data were 
taken for 31 animals. 
With these animals the ratio of empty weight to live weight was great-
est at birth, least at 8% months, and intermediate at 4 years. A lower 
plane of nutrition gave a lower ratio. 
The ratio of carcass to live weight decreased to 8~ months then in-
creased to a maximum at 3 to 4 years. The better fed animals have the 
· greater percent. On the empty weight basis the carcass continuously in-
creased to 3 to 4 years. 
The proportions of hide and hair, heart, brain and spinal cord, and in-
testinal length to empty weight decreased with increasing age an d fatness. 
The blood, lungs, stomachs, intestines (weight), liver, kidneys, spleen and 
pancreas increased relatively during the early months and then decreased. 
The maxima occurred generally at 8~ months. The stomachs and liver 
showed marked retardation on the low planes of nutrition. 
The proportions of skeleton and of total organs were greatest at birth 
and the total fleshy parts at 4 years. 
In the carcass the proportions of loin, .rump, flank and plate increased 
with increasing age and fatness of the steers. The rib changed but little while 
the round, chuck and neck, and shin and shank decreased·. 
The distribution of the total lean flesh was· but little affected by age 
~nd fatness excepting that there was a slight reduction in the proportion 
found in the shin, shank, head and tail and in some cases in the round. The 
plate showed a linger part o{ the total as the animal grew and fattened. 
The proportion of the total fat flesh found in the plate, rib, loin, and in 
some cases in the rump increased with increasing .fatnes§. 
Age and fatness influenced the distribution· of the total skeleton but 
ONE YEAR's WoRK, AGRICULTURAL ExPERIMENT STATION 31 
slightly. The feet bones tended to increase relatively up to 8~ months 
(Group I) and then decreased. The chuck and neck bones showed a similar 
phenomenon with the maximum at 1.8 months. The rump showed slight 
increase. 
The composition of the wholesale cuts of meat was affected by increas-
ing age and fatness. In general the percent of fatty tis sue increased and 
the percent of bone decreased. The percent of lean flesh may increase, re-
main constant or decrease, but on the average it decreased. The increases in 
percent of fat were greatest in the plate, loin and flank. The rib and rump 
showed rather large increases. 
Change·s in Chemical Composition on Different Planes of Nutrition.-These 
data were taken on 30 Hereford-Shorthorn beef animals ranging in age from 
3 months to 4 years and representing three different planes of nutrition. An 
average of 35 samples per animal or a total of 1,061 samples were analyzed 
for water, fat, nitrogen, ash and phosphorus. 
The chief effect of age and plane of nutrition on the composition of 
parts and total animal was through a change in the fat content, which in-
creased in most cases with age and plane of nutrition. The skeleton showed 
greatly increasing ash and phosphorus content with advancing age. 
The total empty animal showed an increasing fat content and decreas-
ing percentage of other constituents with age and plane of nutrition except-
ing where the fattening was slight. In this case a small increase in nitro-
gen, ash and phosphorus became appar.ent. When calculated to the fat free 
basis, however; the total animal showed very striking changes in composi-
tion depending on age alone. The water content decreased rapidly from 
conception to about the age of 6 months and then became constant. The 
other constituents showed a rapid increase to a maximum. For nitrogen 
and phosphorus the maximum was attained at about 11 months. The ash 
did not attain a maximum and constant value but from 5 months to 4 }'ears 
increased slowly. 
The composition of the composite ox muscle on the fat-free or proto-
plasmic basis showed somewhat similar results. The minimum for water 
and the maximum for ash occurred at about 6 and 11 months respectively. 
The ash and phosphorus content showed irregularities having a marked 
maximum at 11 months with a decreasing percentage thereafter. 
The amount and composition of the gains from start to slaughter and 
between each succeeding age have been calculated. The beef steer may 
contain 4 percent fat at birth and 45 percent at 4 years. For the full -fed. 
cattle the gains became richer in fat and poorer in other constituents with 
advancing age until the last gains were shown to consist of 90 percent fat . 
With the other groups there was some variation. All groups showed a 
thinning down during the early months and a fattening after the period of 
rapid growth is over. The thin cattle had a more nearly constant composi-
tion after the first few mo.nths. 
The irregularity of the percentage composition of the gains raised a 
question as to the uniformity of the treatment. It was shown that the weight 
of water in the fattening beef steer increased rapidly to 21 months and then 
slowly to 35 months. 'With the poorer groups the flattening of the curve 
occurred at 26 months and 40 months. The deposition of fat was very uni-
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form from 3 months on for the fuii-fed cattle and increased slightly with 
age for the poorer cattle. 
The Nitrogen Dist1·ib1;tion in Beef Flesh as Affected by Age and Condition.-
The study of the nitrogen and its distribution in the lean flesh of the round, 
rib, and loin, showed that the total nitrogen did not materially change 
with the condition of the animal. The change seemed to be rather 
the result of age, for the nitrogen increased with age in apparently three 
periods. The first. period ended at about the age of three months, the second 
extended from three to twelve months and the third lasted from twelve 
months to maturity. 
The soluble nitrogen of the lean flesh tended to become a larger part 
of the total nitrogen as the animal matured. The coagulable nitrogen also 
increased with age. These two fractions of the nitrogen in the lean flesh 
tended to decrease as the plane of nutrition was lowered. The amino acid 
and extractive nitrogen decreased with age. 
In percent of soluble nitrogen, the coagulable nitrogen increased with 
age while the amino acid and extr'<lctive nitrogen decreased as the animal 
matured. 
The significant changes came in the young animals and when the old 
animals are considered different results are seen. The total nitrogen of the 
mature steers which were fattened did not materially change though the 
youngest animal, which was also the . thinnest, had the lowest value for nitro-
gen. 
The soluble nitrogen of these fat mature steers increased as the animal 
became fatter. In the young animals it was apparent that the changes 
in soluble nitrogen were a result of age and not so much a result of condi-
tion. These mature steers were in little better condition than the Group 
III animals and were then fattened·. The steers increased their soluble 
nitrogen both with age and condition. Undoubtedly some of this soluble 
nitrogen came with condition but at the same time, age must have had its 
effect. 
The coagulable nitrogen in percent of total nitrogen in both the lean 
samples of the young animals and in the samples of the mature steers in-
creased with age. In the former this value increased as the plane of nutri-
tion was lowered and with the mature steers the coagulable nitrogen in-
creased. This increase must be a result of age and not so much the effect 
of condition. 
The amino acid and extractive nitrogen values of these two groups of 
animals appeared to be contradictory. The lean samples in Groups I and 
II decreased with age, and were highest in Group III; while with the ma-
ture steers there appeared an increase with age and condition. 
With the fattened dairy cows no significant change was apparent though 
the results tended to follow the results of the mature steers. There was no 
significant change in the total nitrogen either as a result of age or concli-
tion. The soluble nitrogen was hjghest in the oldest animal which was not 
the fattest of the three. This is a confirmation of the statement in the pre-
ceding paragraphs that the increases were due to age rather than condition. 
The amino acid and extractive nitrogen showed this tendency while the 
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coagulable nitrogen showed the highest value for the youngest animal with 
the second in age the lowest. 
These changes have all been .due in a general way to the age of the 
animal. With the Special Maintenance animals the significant change was 
due to a change in condition (partial starvation). 
The nitrogen values for Steer 592 are the remarkable figures. Using the 
control animal 594 as a basis of comparison, the total nitrogen has fallen 
off 10 percent in 592, and yet 592 was 10 months older than 594. This de-
crease was largely due to a decrease in the soluble nitrogen and this was 
accounted for by the coagulable nitrogen. This change was a result of the 
condition of the animal and not of the age, for Steer 592 was 10 months 
older than 594, the control animal. . 
Additional evidence of the tendency of a period of starvation to withdraw 
the soluble nitrogen from the flesh was seen in the data of Steer 197. This 
animal had by no means the severe treatment to which 592 was subjected 
but the two years of maintenance must have had its effect for the coagul-
able nitrogen was 30 percent lower than an animal of similar condition 
though it was somewhat younger. 
The ash of the fat of the rib on the fat-free basis appeared to be higher 
than the ash of the lean of the rib. However, of this ash considerably more 
of the ash of the lean was sol ublc than the .ash of the fat. The effect of 
either age or plane of nutrition semed negligible. 
The total phosphorus was much higher in the lean of the rib than in 
fat of the rib. This would be expected as the lean contains considerable 
phosphorus in both organic and inorganic form. The fat contained a rela-
tively small amount of phosphorus. 
The soluble phosphorus in relation to the total phosphorus tended to 
increase as the animals grew thinner. 
The soluble organic phosphorus of the rib lean increased as the animal 
became thinner and decreased somewhat with age, while in the fatty tissue 
this form of phosphorus appeared not to change much with age. As the 
animals grew thinner the soluble organic phosphorus decreased. However 
the amount of data is not large enough to definitely draw conclusions. 
In the mixed lean and fat composites of the Use of Feed Animals, the 
ash was not greatly affected by age or plane of nutrition. However, there 
was somewhat of a rise in the older animals. The soluble ash did increase 
somewhat as the plane of nutrition was lowered. 
Here again as in the nitrogen we see the effect of mixing a large amount 
of fat with the lean samples. The evidence in both the nitrogen and ash ap-
pears strong enough to condemn this practice rather severely. When one 
is attempting to study a live functioning tissue as protein tissue it is a mis-
take to mix in such an inert tissue as the fatty tissue which can only have 
the effect of masking the changes in the live tissue. The phosphorus com-
pounds in this lean and fat composite did not seem to be affected by either 
age or plane of nutrition. With the large amount of fat that was present 
especially in the Group I animals, differences would probably be of little 
value. 
In the lean of the round, rib and loin we have samples of one kind, 
undiluted with fat and in such samples as these there should be shown the 
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effect of age and plane of nutrition. The total ash did not appear to change 
with either of these factors. The soluble ash of the fat animal decreased 
with age while in the thin animals the opposite was true. With the plane 
of nutrition as a factor, the steers appeared to lose in soluble ash as the 
plane of nutrition was lowered. 
The total phosphorus of these lean samples showed no significant effect 
of age or varied plane of nutrition though the tendency was for this frac-
tion to become less in the round and rib as the plane of nutrition was low-
ered but not with the loin. The soluble phosphorus did not appear to have 
been affected by these two conditions, though there was a fairly consistent 
high value with all the animals at about two years of age. The evidence 
that the soluble phosphorus was greater in the thin animals than in the fat 
animals appears somewhat contradictory. However, it was true in two-
thirds of the cases. The soluble organic phosphorus increased in these 
three lean samples as the animals became thinner and, while there was some 
diminuation of this value with age, such a change was not of importance. 
The ash of the lean and fat flesh of the Special Maintenance animals 
was larger in amount in the lean muscle than in the fatty tissue and of this 
more of it was soluble in the lean flesh. The effect of either age or plane 
of nutrition on the ash in these two kinds of tissue was not apparent. 
The percent of phosphorus was higher in the Jean · flesh than in the fatty 
tissue and more of it was soluble in the Jean that in the fat flesh. The sol-
uble organic phosphorus was great in amount in the lean flesh. The signifi-
cant figure for the phosphorus of these animals was the soluble organic 
phosphorus of Steer 592. This was the steer that showed such a marked 
effect of the plane of nutrition in the nitrogen distribution. It would seem 
that here again was the effect of a very low plane of nutrition (partial star-
vation). The soluble organic phosphorus was only 25 percent of that of 594, 
the check animal. The total phosphorus had been considerably reduced by 
this partial starvation. While the total soluble phosphorus was only redllced 
about 5 percent, the soluble organic phosphorus had been lowered about 50 
percent from an animal of the same age but of the condition of 594. 
Protein StOlt"age in Protoplasmic Tissue (C. R. Moulton, W. S. Ritchie, 
E. G. Sieveking)-The nitrogen distribution by the Van Slyke method in 
15 samples of fairly pure beef globulin-albumin was determined. The humin 
nitrogen was 2 to 4 percent, arginine 12.3 to 14.8 percent, cystine 2 to 3 
percent, histidine 2.7 to 10 percent, lysine 12 to 15 percent, total mono-amino 
acids 51 to 61 percent of the total nitrogen. An emaciated animal showed 
a low cystine, arginine and lysine content and a high histidine content. 
Chemical Service (C. R. Moulton, L. D. Haigh, W. S. Ritchie, E. E . 
Vanatta, E. G. Sieveking, A. R. Hall, E. W. Cowan.)-The Department of 
Agricultural Chemistry did the routine chemical work of the Station, con-
sisting of analyses of soils, fertilizers, crops, feeding stuffs and various plant 
materials. The analytical work required by various departments was con-
ducted by this department. Samples sent in by individuals and manufac-
turers, mainly feeding stuffs, were also analyzed. In addition a large amount 
of routine analysis in connection with the fertilizer control, agricultural 
limestone survey and the work of this department itself was carried on. 
ONE YEAR's WoRK, AGRICULTURAL ExPERIMENT STATION 35 
AGRICULTURAL ENGINEERING 
(J. C. WOOLEY, Chairman) 
A Studly of the Methods of Prolonging the Service of Wood Fence 
Posts (J. C. Wooley).-This project was begun November 1, 1913. The 
posts have been examined annually since that time. Posts of different com-
mon varieties of wood were set in bottom land according to the following· 
methods. The first th.ree rows of posts taken in each variety, Series A, 
were set in the ground 18 inches deep in the usual way with no treatment 
except seasoning. The next three rows, Series B, were given the same 
treatment as those in A except that they were set in gravel. The treatment 
of Series C consisted in charring the butts of the posts to a height of 36 
inches. Otherwise the treatment was the same as in A. In Series D the 
bark was removed and the butts of the posts to a height of ;{6 inches were 
painted with bot carbolinium. One coat was given and the posts were set 
the same as in A. Iri Series E the treatment was the same as in D except 
two coats of hot cresote were applied in place of the hot carbolinium. 
Posts in Series F were immersed in boiling crcsote for a period of two hours, 
the bark having been removed. The butts of the post were submerged to 
a depth of 36 inches. These posts were taken from the hot cresotc and 
submerged to the same depth in cold cresote for a period of two hours. 
They were then allowed to dry and were set the same as those in A. Posts 
in Series G were given the same treatment as those in F except a five-hour 
treatment was given in each case instead of a two-hour treatment. The 
tops of all posts were sawed at an angle of approximately 30 degrees to 
provide for better drainage off the tops. 
At the present time the common woods divide themselves into four 
classes of post timber, the best being the first class: 
First class Second class Third class Fourth class 
White Cedar White Walnut Black Walnut Willow 
Catalpa Honey Locust Hickory Cottonwood 
Osage Orange White Oak Sassafras Birch 
Black Locust Red Oak Black Ash Sycamore 
Black Oak Hackberry Red Bud 
Iron Oak Red Elm Ky. Coffee Bean 
White Elm Sugar Maple 
Dogwood Bass Wood 
Persimmon 
Soft Maple 
A comparison of the posts subjected to these different treatments re-
vealed at the end of eight years the following number of decayed posts: 
In Series A 64 failures, in B 57, in C 63, in D 48, in E 53, in F 28, and in 
G 24. 
Investigations to Determine the Draft of Various Farm Implements 
and the Cost of Different Operatioltl.S with Them (M. M. ]ones).-
Cost of Cultivating Corn with Motor Cultivator.-An Avery two-row motor 
cultivator was used for this test. The test was made on the "second bot-
tom" field on the University Farm, Gasoline was used as fuel. The depth 
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of plowing was about 3 inches. All shovels were turning up moist dirt. 
Corn was about 12 inches high, and was being plowed the third time. The 
experiment included three tests, each covering 1.02 acres and with 43 min-
utes .required for each test. The amount of fuel used per acre was 0.735 
gallons. The amount of oil used per acre was 0.1 quart and the average 
time per acre was 42.1 minutes. 
An Investigation of Sanitary Conditions on Farms and Experiments 
to Determine the Best Types of Sanitary Equipment (J. C. Wooley).-
Investigation and Testing of Farm Lighting Plants. Cost of the electricity 
to the farmer.-The battery of the Western Electric 90 ampere hour plant was 
charged until it gassed freely before the tests were started. It was given 
a 90-ampere hour discharge in each test by connecting in a bank of lights 
so connected that the rate of discharge was 11)4 amperes, the eight-hour 
discharge rate. The fuel used in cha,rging the batteries was accurately 
weighed in each test. Gasoline was figured at the prevailing price at the 
time, 23c a gallon; kerosene 14c a gallon. With gasoline as fuel the cost 
was llc per k. w. hr., and where kerosene was used the cost was 4.9c per 
k. w. hr. 
Efficiency Tests of Water Systems.-One of the small reserve tank water 
systems was compared with one of the large storage tank systems. It was 
found that the small tank system cost about 5c per 100 gallons wh1le the 
cost of the large storage tank system was approximately 2c per 100 gallons. 
The Draft of Wagons (J. C. Wooley).-Wagons with four sets of wheels 
were used. An Iowa Dynamometer was used in all tests. It was found 
that a wagon with load concentrated on rear wheels gave a slightly lighter 
draft than one uniformly loaded. The difference was not important. The 
good brick pavement showed the best results for lighter draft of wagons. 
In general, it may be stated that low wheels give the heaviest draft in all 
cases except on concrete, wet gravel and macadam. On concrete the wheel 
of medium height gave the heaviest draft and on macadam the high wheel. 
The high wheel gave the lightest draft in all cases and conditions except on 
good brick, dried gravel and dry clay where medium high wheel gave the 
lightest draft. On wet gravel the low wheel gave the lightest draft. 
On good brick, poor brick, cinder, wet gravel and burned clay, the wider 
fire gave the heavier draft. On all other roads the narrow tire gave the 
heavier draft. 
ANIMAL HUSBANDRY 
( 1•:. ;\ . TlmWI\11111 .1·:, l' l,.~ irm a n ) 
Age As a Factor in Anima l Breeding. ( 1:. 1: . ~ l tlllli .. rd, I' . M. l1n nar dl . 
'/'he lir s l dl' laikd rl' pllrt of 1 hi , ill l' <' s li g: llion ;,ppl' :' r "d in l\l' sl':1rrh ll nl lc 
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Ha th o f th e seco nd ge nera ti on so ws in th e hi g h pla11 g roup ha ve far -
w d th ei r fi r s t Iille r. Th e u th crs ha ve bee n bred. 
Re lation of Feed Consumed to Pro tein and Energy Retained in t h e Car-
cass. ( E . A. 'J'ro wl>ricl ge, L. A. W eave r, 1\. G. Jl oga n, A . 'I'. Jo:din g r ).-Th e 
re la tio n o f age to th utili zati o n o f foo d by sw in e of differe nt types is a 
prob le lll hav in g a co ns id e rabl e h ea rin g np o n th e prac tices of p rk pr ocluc-
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tion and utilization. These studies have included the following points: 
(1) ·The quantity of feed consumed by swine in gaining from 100 lbs. to each 
of the following weights, 150, 200, 250, and 300 lbs.; (2) A physical examin-
ation of the carcasses of swine made at each of the weights noted above; 
(3) A chemical analysis of the entire animal, slaughtered at each of those 
weights; ( 4) From the data obtained in (3) the energy retained by the ani-
mals was calculated and this expressed as percents of the net energy con-
sumed; (5) The surface areas of the animals slaughtered was measured. 
(6) The daily maintenance requirements of the swine were calculated. 
In this investigation representatives of the present day big-type lard 
hogs were used. For purposes of comparison similar studies were made 
of a representative bacon-type hog. Eight animals of each type were used 
beginning with an average weight of 100 pounds and concluding with an 
average weight of about 300 pounds. 
The amount of feed consumed by representatives of the bacon and lard 
types of swine in gaining from approximately 100 pounds to each of the fol-
lowing weights: 150, 200, 250, and 300 pounds, and also the amount of feed 
required to produce one pound of gain during these different periods, are 
shown by the following table: 
TABLE 2.-FEED CoNSUMED AND GAIN MADE BY BACON AND LARD HoGs AT DIFFERENT WEIGH~s. 
Av. in!- Final Grain Daily Per lb. 
Period and Lot tial wt. wt. lbs. gain gain 
lOQ to llro lbs.-56 clays (from 
7/1/21 to 8/26/21) 
Lot I.-Bncon (7 hogs) .......... 93.9 160.9 2075.00 5.'29 4.44 
Lot H.-Lard (7 hogs) 
·········· 
93.1 167.2 2135.50 6.81 4.51 
100 to 200 lbs.-77 days (from 
7/1/21 to 10/8/21) 
Lot. I.-Bacon (6 hogs) 
·········· 
9!.4 202.9 2795.50 6.05 4.29 
Lot. H.-Lard (6 hogs) 
·········· 
93.8 204.5 2941.75 6.37 4.45 
100 to 250 lbs.-105 days (from 
7/1/21 to 11/5/21) 
Lot I.-Bacon (5 hogs) 
·········· 
95.0 244.3 3473.75 6.61 4.65 
Lot. H.-Lard (5 hogs) .......... 94.7 255.8 3558.00 6.78 4.43 
100 to 300 lbs.-140 da.y.s (from 
7/1/21 to 12/10/21) 
I,ot I.-Bacon (4 hogs) .... ...... 93.8 318.1 4709.75 7.64 5.23 
Lot H.-Lard (4 hogs) ... .... ... 93.4 302.6 3953.25 7.06 4.74 
The ration for both lots throughout the experiment consisted of 40 parts 
ground corn, 4Yz parts shorts, 1 part tankage. 
Slaughter Tests on the Hogs. Five hogs each of the bacon type and the 
present day lard type were slaughtered at various weights; one of each 
type being slaughtered at ea~h of the following weights: 100, 150, 200, 250, 
and 300 pounds. 
The weights of the various portions removed from the hogs during the 
dressing were taken and recorded. The dressing percentage of the hogs of 
different types showed little difference but there was a difference of 12 per-
cent in the dressing percentage of the 100-pound hogs and the 300-pound 
hogs. The shrinkage in the cooler was greater for the younger animals 
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as the flesh was more watery and thus a greater evaporation took place. 
The percent of caul and intestinal fat increased as the hogs became fatter 
and there was a tendency for the bacon type of hog to have the greater 
amount. The amount of leaf fat increased as the animal gained in weight, 
but there was no great difference between the two types. 
The right half of each carcass was used to determine the amount of 
Jean, fat and bone in each wholesale cut. The skin was first removed from 
the entire side. The wholesale cuts were then trimmed and blocked out as 
commonly practiced. The trimmings as well as the trimmed cuts were sep-
arated into the three constituents as lean, fat and bone. 
The shoulder varied from 76.5 percent of lean in the 100-pound pig, to 
59.3 percent in the 300-pound pig, while the variation of fat was from 9.3 
percent to 30 percent and the bone from 15.1 percent to 8.3 percent. Very 
little difference was noted in the composition of this cut when taken from 
the different hogs of the same weight. 
The hams from the same weight of hogs showed' very little difference 
in the amount of lean, while there was a slight decrease in the amount O·f 
bone in favor of the bacon type of hog. Hams from the lighter hogs were 
about three-fourths Jean, while those from the heaviest hogs were about 
three-fifths Jean. The percent of fat varied from 11.7 percent in the light 
hogs to 30 percent in the 300-pound hogs. The bacon varied in lean from 
82 percent in the 100-pound pig to 38 percent in the largest hog. The bacon 
type was of such nature that the separation of the Jean and fat was more 
easily accomplished, while in case of the lard type this task was nlllch harder 
to accomplish, consequently the amount of lean would show a larger figure. 
The loin showed a very small change in the percent of bone which varied 
slightly from 20 percent. The Jean in the loin had a variation from 68 to 
57 percent. Again, the greater degree of marbling in the heavier hogs 
caused the amount of lean to be increased because a thorough separation 
caul d not be made. 
The left half of each carcass was divided into the various cuts, i. e. head, 
jowl, shoulder, loin, bacon, sparerib, ham, leaf fat and kidney. The shoulder, 
ham, bacon and jowl were trimmed and used in the cutting tests. This test 
indicated that as an animal becomes heavier the percent of shoulder decreased 
from 27 to 20 percent; the loin increased from 20.8 to 26.4 percent, the bacon 
increased from 10.2 to 17.6 percent, while the ham decreased from 26 to 22 
percent. The jowl remained about the same, while the leaf fat increased 
from 0.58 percent to 3.5 percent and the head decreased from 12 to 8 percent. 
The hams, shoulders, bacon and jowls from the left side of each carcass 
were cured by the brine method, smoked for .24 hours and then cooled. The 
meat was then weighed and the percent loss from the fresh weight was cal-
culated. The shrinkage of the meat was about the same for the same cuts 
from hogs of the same weight. The hams from a 100-pound pig showed a 
shrinkage of 12 percent, while those from a 300-pound hog showed only one-
half as much shrinkage. The bacon from the younger pigs lost 22 percent 
while that from the older ones lost only 6 percent. The shoulders showed 
about the same loss as the hams and the jowls a little greater shrinkage. 
The fat backs, leaf fat and the fat received from the physical analysis 
were rendered, and the following results obtained: The fat from the younger 
'40 MISSOURI AGRICULTURAL EXPERIMENT STATION BULLETIN 197 
pigs was found to contain much more water, and the fat from the 100-pound 
pig only produced 38 percent of rendered lard while that from the 300-pound 
pig produced about 83 percent. The amount of "cracklings" varied from 
26 to 7 percent and the amount of moisture from 29 to 6 percent. 
Chemical Analysis. The composition of swine of various weights, repre-
senting both the bacon and big type lard hogs is shown in the following 
table: 
TABLE 3.-CHEMICAI, COMPOSITION OI' BoTH TYPES OF SWINE. 
Weights and type Moisture% Protein o/o Fat% Ash% 
100 pounds 
Bacon tj•pe ........ . . 61.85 13.92 16.08 2.68 
Lard type .......... (i1.33 14.00 15.11 2.&'l 
150 pounds 
Bacon tn>e ... ..... .. 50.73 12.88 24.17 2.58 
Lard type .......... 50.96 12.88 26.74 2.53 
200 pounds 
Bacon type .......... 49.90 13.63 28.89 2.53 
Lard type .......... 52.32 13.89 27.37 2.58 
250 pounds 
Bacon type .......... 46.26 12.08 30.41 2.52 
Lard type ... ....... 49.50 12.73 30.58 2.61 
300 pounds 
Bacon type ..... ..... 41.84 11.63 41.91 2.16 
Lard type .......... 42.29 11.21 41.11 2.00 
The energy consumed was computed by use of the Armsby factors. 
The total energy stored and the energy stored as protein were calculated 
from the composition of the animals. From this data the energy stored 
as protein, and the total energy stored, were calculated as percentages of 
the net energy consumed. 
TABLE 4.-RETENTION OF TOTAL ENERGY AND OF ENERGY IN THE FORM OF PROTEIN. 
Energy retained, percent Energy retained as protein, 
Weights and type of energy consumed percent of energy consumed 
--------------------------------------------100 to 150 pounds 
Bacon type ........... ... . . 
Lard type .•.............. 
100 to 200 pounds 
Bacon type ...... .... ..... . 
Lard type ............... . 
100 to 250 pounds 
Bacon type .......•. . ...... 
Lard type .............. .. 
100 to 300 pounds 
Bacon type •.........•..•.• 
Lard type ............... . 
39.95 
4!2.85 
45.74 
37.59 
48.41 
40.30 
42.52 
44.83 
6.35 
5.47 
7.46 
6.!:!5 
5.79 
6.37 
4.05 
4.70 
The difference between the energy consumed and the energy stored 
during each period was calculated, and considered as the "economic" main-
tenance. 
The surface areas of the animals were measured when they were 
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Rations for Pigs at Weaning Time (L. A. \ Vl'ave r).-l\ in ety pig-s wh ich 
averag-ed app rox imate ly ~5 pound s were di vid ed int ni ne uni fo rm lu ts f ten 
pigs eac h a nd f •d fo r 11 2 day> (Jun 11 to Oc tobe r 1). A ll o f th e lo ts except 
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one were pastured on Dwarf Essex: rape, during the 
was pastured on bluegrass during the same time. 
were fed: 
entire period. One lot 
The following rations 
Concentrate Forage 
l.-Corn . . . . . . . . . . . . . . . . . . . . . . . . . Rape 
:2.-Corn 4 parts, 
Shorts 2 parts, 
Bran 1 part, 
Tankage 1 part .. ............ Rape 
3.-Corn 6 parts, 
Shorts 3 parts 
Tankage 1 part . . . . . . . . . . . . . . Rape 
! .-Corn 9 parts 
Tankage 1 part . .. ........... Rape 
5.-Corn 5 parts 
Shorts 5 parts . . . . . . . . . . . . . . Rape 
6.-Corn 3 parts, 
Shorts 3 parts, 
Ground Oats (Hulled out) 3 parts, 
Tankage 1 part . . . . . . . . . . . . . . Rape 
7.-Corn 9 parts, 
semi-solid 
buttermilk 1~ 
parts .. .. .... .. .............. Rape 
8.-Coru 9 parts, 
semi-solid 
buttermilk %. 
pa rt, tankage 
~ part . . . . . . . . . . . . . . . . . . . . . . Hape 
9.-Corn 4 parts, 
Shorts 4 parts, 
Bran 1 part, 
Tankage 1 part . . . . . . . . Bluegrass 
This was the second trial conducted with the first five rations and the 
results secured compared very closely with those obtained the first year. 
The average results of the two trials indicated that with rape pasture : 
(a) Corn alone is not a sufficiently well balanced concentrate to pro-
duce maximum gains on hogs grazing on rape pasture. 
(b) There was little difference in the following rations: 9.-Corn 
4 parts, shorts 4 parts, bran 1 part, tankage 1 part. 3.-Corn 6 parts, shorts 
3 parts, tankage 1 part. 4.-Corn 9 parts, tankage 1 part. 
(c) A ration of corn and shorts in equal parts was superior to corn 
alone but not equal to any of the other rations. 
From the results of one year's work, it would appear that rations con-
taining ground oats (with hulls out) or semi-solid buttermilk, produced 
slightly more rapid gain than rations not containing them. 
The lot of pigs on bluegrass made slightly more rapid gains on a little 
less feed than did hogs fed a similar ration on rape. The difference however 
was not considered significant and these results were just the reverse of 
previous trials which have shown rape to be superior to bluegrass as a swine 
forage. 
Relative Efficiency of Bred! Mares for Farm Work (E. A. TrowbJ;idge, 
D. W. Chittenden).-The work reported is a continuation of an experiment 
started in 1914. This trial began May 13, 1921, and was completed May 12, 
1922. It was divided into two periods; May 13 to September 16 while mares 
were nursing foals, and September 16 to May 12 while mares were dry. The 
animals used in this experiment were six purebred Percheron mares, three 
of which had foals in the spring of 1921. 
The mares were divided into three teams, each composed of a dry mare 
and a mare nursing a foal. Feed, weight, and labor records were kept. The 
pair of horses was worked together for the entire period so that the work 
of each brood mare was the same as that of her dry team mate. 
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Th e ration fed brood ma res a nd dry marrs :l lik consisted o f t wo pa rt s 
corn, two pa rt s oa ls, tim o lhy a nd mi xed hay. 
44 MISSOURI AGRICULTURAL EXPERIMENT STATION BULLETIN 197 
Physical Composition of Bee£.-Physical Analysis of Beef Carcasses (A. T. 
Edinger).-Supplying meat of the desired kind to the consumer in an 
economical manner is a problem of importance. It has a direct bearing 
upon the type of beef. animal produced, the age at which he is sold and 
the length of the fattening period. It is also related to the energy sup-
plied to those individuals or families consuming the food. With the idea 
in view of sttidying this problem, three steers were purchased, slaughtered 
and studied. The following studies were made: (1) The physical compo-
sition of beef carcasses from steers weighing approximately 1,000 pounds 
but of different degrees of fatness; (2) The relative amounts of lean, 
visible fat and bone in the retail and wholesale cuts; (3) The chemical 
composition and nutritive value of the boneless meat in the .retail and 
wholesale cuts; (4) The relative economy and net cost to consumer of 
lean and total meat and the food nutrients in each cut at current market 
prices; (5) The relative value of beef from the different carcasses. 
The dressing percentage of the thin steer was 52, medium fat steer 
58, and the fat steer 62. The thin animal produced a carcass that was not 
well covered with fat, and the loss of weight during the process of cool-
ing was 0.5 percent greater than for the fat steer. 
The weights of the internal organs were about the same for each 
steer while the internal fat varied from 1 percent in the thin steer to 3.5 
percent in the fat steer. The fat animal showed the greatest propor-
tionate weight of carcass, hide, lungs, liver, heart and edible fats to the 
live fasted weight with a p.roportionate decrease of wastes, which con-
sisted of feet, fill and loss at killing time. 
The forequarters in the thin steer equaled 54 percent of the carcass 
while in the fat steer they were 51 percent. 
The loin and plate constituted a somewhat larger percent of the 
cal cass in the fat steer than in the thin animal, while the reverse was true 
of the chuck. Only slight variations were found• in other wholesale cuts 
in the steers showing different degrees of fatness. 
Each retail cut was separated by hand into lean, fat and bone, and a 
great variation in the composition of the three steers was found. The 
thin steer contained 24 percent more lean, 20 percent less fat, and 5 
percent more bone than the fat steer. The plates and flanks in all of the 
steers carried the largest percent of fat, while the ribs, loin, round and 
chuck followed in the order named. In the very thin animal the chuck 
carried a little more lean than the round. 
In the retail cuts from each steer the porterhouse steaks carried 
more fat than the sirloins with the percent of bone varying but little in 
these steaks. The 11th and 12th rib roasts of the fat steer contained the 
smallest amount of lean while the sixth rib roast contained the highest 
percent of lean. In the thin steer the reverse was true. The percent of 
bone in the various rib roasts showed little variation. The relative amount 
of lean in the rounds of the fat steer was 10 percent less than that from 
the thin steer. The chuck of the fat animal contained 57 percent lean, 18 
percent bone, and 24 percent of fat, while in the thin steer the composi-
tion was 66 percent lean, 24 percent bone and 9 percent fat. 
By using chemical data obtained from previous experiments the amount 
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of protein in a pound of Jean was found to be the greatest when taken from 
a half-fat animal. This was due to the fact that the Jean meat of the thin 
steer contained more water than that of the half-fat steer, while in the fat 
steer more inseparable fat was present in the Jean meat. 
The various cuts from the fat steer produced about twice as many cal-
ories per pound of boneless meat as the same cuts from the thin steer, but 
the total number of calories produced by the lean only in a given weight of 
boneless meat was most in the thin animal. 
The cost of .a pound of boneless meat from the Join and rib of the fat 
steer was 50 percent more than that from the thin steer while a pound of Jean 
in these cuts from the fat animal cost 150 percent more than the lean from 
the thin animal. 
The most economical source of protein was the chuck, followed in order 
by round, rib and Join. The cost of the protein from the loin and the .rib 
of the same animal was about the same, but in the fat animal the protein 
from these cuts cost about 2)1, times as much as that from the thin animal. 
In every cut of the fatter animal the cost of a given amount of protein was 
greater and the cost of 1,000 calories was less than that from the thin ani-
mal. 
In the fat animal the porterhouse steak was the most expensive source 
of Jean meat, while in the thin animal the club steak proved to be the most 
expensive. In the fat animal the clod was the most economical source of 
lean meat. The rump roast in the thin animal and the 11th and 12th rib 
roast of the fat animal proved to be the most expensive sources for Jean 
meat when considering various roasts. 
Hoggin,g Down Corn andl Soybeans (L. A. Weaver).-In 1021 a third 
trial was conducted with one-acre plots as outlined below: 
Plot Crop Additional feed 
1 Corn and soybeans Tankage 
2 Corn Tankage 
a Corn and soybeans None 
4 Corn None 
The department of field crops cooperated on this project, superintend-
ing the planting and the determination of yields. The soybeans in plots one 
and three were planted in the rows at the same time the corn was planted. 
A study of the foregoing results indicate: (1) That an acre of corn 
pastured by hogs, supplied tankage in addition, wilJ produce more pork than 
wiiJ a·n·y of the other combinations used in these trials; (2) That hogs on 
corn and tankage gain more rapidly than those fed any of the other com-
binations; (3) That the feeding of tankage in a self-feeder to hogs on corn 
alone or on co.rn plus soybeans materially increases the rate of gain and 
also the economy of gain; (4) That soybeans planted in corn to be hogged 
down, will not completely take the place of tankage; (5) That hogs on 
corn plus soybeans alone will make slightly more rapid gain but will pro-
duce little, if any, more pork per acre than on corn alone. In other words, 
that corn and soybeans make a somewhat more efficient ration than corn 
alone, but since the total amount of fee~ produced in the corn plus soy-
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beans plot is less than when corn is grown alone, the total amount· of pork 
produced per acre is no greater with the combination than with corn alone. 
The results secured in 1921 in general, differed little from those reported 
as the average for three years. 
The average of three years' results are reported in the following table: 
TABLE 8.-HoGGING DowN CORN AND SoYBEANS. 
(Average of 3 years' data, 1919-19~0-19~1) 
Hogs in lot ............ 
Days fed ... .. . ... ..... 
Av. initial wt. (Jbs.) .. 
Av. final wt. (lbs.) . ... 
Total gain (lbs.) ...... 
Av. daily gain per bead 
(lbs.J ............ .. 
Tankage, t'Otal (lbs.) .. 
Av. daily tankage per 
head (lbs.) ........ 
Tankage per lb. gain 
(lbs.) 
· ····· ······· 
Yield of corn (bus.) .. 
Yield of soyboons-seed 
(bus.) ....... .... 
Plot 1.-Corn 
and s'Oybeans, 
supplemented 
with tankage 
in self -feede r 
15 
22.33 
111.84 
150.116 
541.33 
1.759 
1207.75 
.6483 
.3973 
36.25 
4.46 
Plot 2.-Corn, Plot 3:-Coru 
supplemented with and soybeans 
tankage in self-
feeder 
15 15.33 
23.66 22.66 
110.133 109.683 
153.96 131.093 
623.83 319.5 
1.8756 1.2830 
280.5 
.7656 
.4166 
44.23 34.0 
3.93 
Plot4.-
Corn 
14.66 
26.33 
107.65 
130.706 
318.66 
.9796 
43.06 
Factors Influencing the Normal Rate of GTowth in Domestic Animals 
and the Permanency of the Effects of Arrested Development (A. G. Hogan). 
-In accordance with the plan of this project, three more steers have been 
placed on liberal rations during the past year. No. 573 of Group II and 
No. 574 of Group III were started November 17, 1921, and No. 579 of Group 
II on April 12, 1922. 
Steer No. 528 of Group I became sick late in the summer, gradually 
becoming worse until it was necessary to kill him October 30, 1921. A 
post-mortem was held and two punctures of the stomach were found. In 
one case a piece of wire had penetrated through the wall of the stomach 
into the liver. 
As an aid in interpreting our data concerning the permanence of arrested 
development, charts have been prepared showing various measurements of 
these steers throughout the experimental period. Our interpretation of the 
data is; if steers have been severely stunted as long as 30 years, they will 
grow and fatten rapidly when placed on generous rations, but if stunted 
much longer than two years they do not attain the size normally expected. 
The unbroken lines indicate steers of Groups I, II and III that were 
held in the group condition throughout the feeding period. All others were 
placed on full feed as shown in ~he following table : 
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TABU 9.-Acts AT WHICII STuNTED STEERS WERll P~ACllD ON Fu~L Fllto. 
Length of Age at beginning Age at 
Steer No. Group No. fa ttenlng period of period end of period 
(yrs.- mos.) (yrs.- mos.) (yrs.- mos.) 
520 I 1-2 1-11 3-1 
587 II 1- 2'h 1- 11 3- 1'h 
580 III 1-3 3-0 4-3 
583 III 1-11 2-0 3-11 
578 II 1-1 3-7 4-8 
572 III 1-1 3-7 4-8 
Growing Draft Colts (E. A. Trowbridge, D. W. Chittenden) .-This re-
port covers a year's continuation of the project reported last year and in-
cludes the fourth and fifth periods of the test, namely, second summer on 
pasture and third winter period. 
Fo~trth Period (Second S~tmme1· Period).-Seven head of purebred Perch-
eron colts (four :fillies and' three geldings) foaled in the spring of 1919 were 
turned on blue grass pasture without grain after the second winter period. 
The following is a summary of the results of the fourth period from April 
24, 1921, to December 3, 1921,-224 days: 
Av. weight April 24 ............................................ 1,249.64 pounds 
Av. weight December 3 .................................... 1,352.00 pounds 
Total gain .................................................................... 102.36 pounds 
Av. daily gain .......................................................... 0.4561 pounds 
Av. daily ration ............................................................ Blue grass 
Av. height at withers April 24 ................................ 62.21 inches 
Av. height at withers Dec. 3 ............ .................... 62.82 inches 
Gain in height at withers ............................................ 0.61 inches 
Av. height at rump April 24 .................................... 63.28 inches 
Av. height at rump Dec. 3 ........................................ 63.85 inches 
Gain in height at rump ...................................... : ......... 0.57 inches 
Fifth Period (Third Winter Period) .-During the third winter period the 
colts were allowed the run of blue grass pasture with open shed for pro-
tection and were fed a grain ration composed ·of two pa.r ts corn and two 
parts oats once a clay. Good quality hay was fed once a day. The follow-
ing is a summary of the results of the fifth period, or third wint!'r, from 
December 3, 1921, to April 29, 1922,-147 days. 
Av. weight De.c., 3, 1921 .................................... 1,352.00 pounds 
Av. weight April 29, 1922 ................................ 1,275.88 pounds 
Total loss .................................................................... 76.12 pounds 
A v. daily loss ................................................................ 0.51 pounds 
Av. daily grain ............................................................ 5.38 pounds 
Av. daily hay ................................................................ 7.95 pounds 
Blue grass .............................................................................. At will 
Av. height at withers Dec. 3 .................................... 62.82 inches 
Av. height at withers April 29 ................. ............... 63.03 inches 
Gain or loss in height at withers for period ........ 0.21 inches 
Av. height at rump Dec. 3 ........................................ 63.85 inches 
Av. height at rump April 29 .................................... 63.92 inches 
Gain or loss in height at rump for period ............ 00.07 inches 
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BOTANY 
(W. ]. RoBBINS, Chairman) 
A Study of the Metabolism of Roots (W.]. Robbins, W. E. Maneval).-
Attempts to secure continuous growth of excised corn root tips under ster-
ile conditions have been continued. That autolized yeast and light were both 
beneficial factors in the growth of excised corn root tips in Pfeffer's solution 
under sterile conditions has been confirmed. Temperature was also an 
important factor. In the light a temperature of approximately 28° C. or 
above had a decidedly detrimental effect upon the development of the root 
tips. No set of conditions has yet been found which will permit the roots 
to continue growth indefinitely. 
The Reiatio'n of Hydrogen-ion Concentration to the Growth of Plants (W. ]. Robbins).-The object of this project is to study the effect of 
hydrogen-ion concentration, adjusted and controlled by means of buffer 
mixtures, upon the growth and fundamental processes of plants. Experi-
ments have been performed on the relation of hydrogen-ion concentration 
to seed germination, to the growth of seedlings in water. cultures, and to 
the absorption by plant tissue of water and dissolved material. 
A Study of Certain Fusaria! Diseases of Plants.-Wheat Scab (E. F . 
Hopkins).-Previously .reported studies of the effect of hydrogen-ion con-
centration on the causal organism of wheat scab were continued. It was 
found that the greater the hydrogen-ion concentration the greater was the 
number of conidia produced on potato agar plates. When the hydrogen-ion 
concentration is expressed in Ph and the number of conidia on the basis of 
number per square centimeter of colony surface, the relation may be stated 
rna thematically by means of an empirical formula: log. n x P.h = K. In 
this formula n is the number of conidia per square centimeter of colony sur-
face, Ph has its usual significance, i. e., the negative logarithm of the hydro-
gen-ion concentration and K is a constant which at 25 o C. was found to be 
15.6. 
Extraction of the indicator pigment produced by Gibberella Sattbinetii on 
various culture media has been successful and an attempt is being made to 
study its composition and indicator properties. 
The first set of data on varietal resistance of wheat to scab has been 
obtained. The highest percentage of scab found in any of the rod-rows was 
15 percent. While in general the results of the triplicate rod-rows were 
comparable, there were a number of discrepancies. Seven varieties were 
found which were free from scab in all of three rows and five others which 
were scab-free in. two rows with 1 percent or less in the third row. The 
data for 51 varieties on which notes were obtained for all three rows are 
given in Table 10. They indicate that there is a difference in susceptibility 
of wheat varieties to scab but the data of several years will be necessary 
before definite conclusions can be drawn. 
TABLE; 10.-VARIE:TAL RESISTANCE: OF WHE:AT TO SCAB. 
Percent scab (average 3 rows) . . . . 0 
Number of varieties . . . . . . . . . . . . . . . . . 7 
0-1 
17 
1-Z 
13 
2-3 
8 
3-4 
1 
4-5 
4 
5-6 
1 
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Tomato Wilt (I. T. Scott).-It has been found using several different acids 
to adjust the reaction of the culture solutions that the growth of the causal 
organism Fusarium Lyco persici was markedly affected by the hydrogen-ion · 
concentration. A maximum in the growth curve was observed at a Ph of about 
4.0 to 4.5 in all cases, a minimum at about 5.5. This was followed by another 
maximum not so prominent as the first. The results agree in general with those 
previously reported for Gibberella Saubinetti. 
Corn Root Rot (B. B. Branstetter) .-A Survey of seed corn from parts 
of the state for the presence of com root rot organisms was made. The 
object has been to determine the amount of infection in Missouri corn and 
the relative prevalence of the various organisms known t-o cause corn 
root an.d stalk rots. The results of tests of corn from a large number of 
counties showed a surprisingly large amount of infection. Only a few ears 
were found to be free from disease organisms. In the order of their pre-
valence, the following organisms were found infecting corn seed: 
Fusarium moniliforme, an organism closely resembling one called by Manns 
and Adams of the Delaware Station Cephalosporimn sacchari, Diplodia zeae, 
Gibbcrella Saubinetii. 
Field tests car!'ied out have shown that the amount of root and stalk rot 
in the field was correlated with the amount of infection in the seed as shown on 
a table germinator. Results of one year's test indicated that seed disinfec-
tion will reduce to a considerable extent the amount of root and stalk rot 
in the field. 
DAIRY HUSBANDRY 
(A. C. HAGSDAU~, Chairman) 
A Study of the Colostrum With Special Reference to the Effect of Heat 
(Pasteurization) on Its Phys~co-Chemical, Bacteriological, Immunological 
and Nutritional Changes (A. C. R.agsdale, Samuel Brody).-In a study of 
the effect of pasteurization temperature and time on the amboceptor of in-
fectious abortion it was found that the amboceptor was not affected by 
heating colostrum up to 149° F. for one hour. Three lots of calves were 
fed. The first group was permitted to nurse their dams during the first three 
days. The calves were kept separate from their dams and permitted to 
nurse three times daily. Each calf was weighed immediately before and 
after nursing with the object of determining the amount of colostrum taken 
by the newly born calf. The second group was taken from the cow at 
birth and given feedings three times per day of colostrum pasteurized at a tem-
perature of 140° F for 30 minutes. In the third group each calf was taken from 
its dam at birth and given three feedings per day of milk from Holstein cows 
that had been fresh approximately two months. 
After the third day all calves were continued on whole milk until three 
or four weeks of age and then changed to skim milk, the feed and care being 
according to the usual herd practice. 
In the first group of calves there were eight Jerseys and four Holstein,s. 
All the calves in this group were thrifty and' made normal gains. 
In the second group 23 calves were fed on pasteurized colostrum. Of 
these, two went off feed on the second and third days and died the morning 
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of the fourth day. The post-mortem showed hard curds in the stomachs. 
The other 21 calves were thrifty and made normal gains. This represents 
91.3 percent that were raised successfully. 
In the third group of the 21 calves fed on whole milk five died at from 
three to seven days of age. The post-mortems showed large acid curds in 
the stomach and some inflammation in the intestines. A sixth calf that had 
been especially small and weak from the start was off feed several times 
and died• at 24 days of age. The post-mortem showed inflammation of the 
stomach and intestines. The remaining calves seemed to get off fed, scour-
ing more easily than the calves of the other groups, but made approximately 
normal gains. Of this group 71.4 percent of the calves were raised suc-
cessfully. 
A study of the effect of pasteurization temperature and time on the rate of 
coagulation of colostrum was made. The range of temperatures was from 
135.5° F. when it required more than fourteen hours to thicken the colostrum 
so it would barely flow, to 167° F. when only 45-50 seconds were required to 
coagulate the colostrum. 
At a temperature of 140° F . the time required to inactivate the organisms 
of tuberculosis in milk was twenty minutes whereas the time required to coagu-
late colostrum was three hours. At a temperature of 144.5° F. 18.5 minutes 
were required to inactivate the organisms of tuberculosis and the time re-
quired to coagulate colostrum was 30 -40 minutes. At 149° F. 14 minutes were 
required to inactivate the organisms of tuberculosis and 10- 15 minutes to 
coagulate the colostrum. At 158° F. 3 minutes were required to inactivate the 
organisms of tuberculosis and 2 minutes to coagulate the colostrum. 
In the work; of establishing a standard growth curve during the first 
two to four months of the extra-uterine life daily weights have been taken 
on 47 calves, both sexes (23 heifers and 24 bulls), of the Holstein, Jersey and 
Ayrshire breeds from birth until two months of age. The height at withers 
was taken on all male calves at birth and at monthly intervals thereafter. 
Certain theoretical considerations lead to the inference that a calf goes 
through a growth cycle (infantile stage of growth) in utero. If this inference 
is correct the gestating cow can be expected to go through changes in weight 
typical of a growth cycle. Weights were taken on 25 gestating cows and 
while the data is not sufficien.tly complete ro warrant conclusions there is 
some indication that the gestating cow does go through changes in weight 
typical of a growth cycle. The calf in utero four months before birth is 
physiologically as old as an infant at two months after birth. The calf at 
birth is physiologically as old as a child at 1'-h years of age. 
Standards of Growth for Dairy Cattle (A. C. Ragsdale, Samuel Brody, 
W. W. Swett).-Data on the rate of growth for dairy cattle have been 
accumulating in this department since 1907. During the year ending June 
30, 1922, this data has been reclassified, analyzed and interpreted. Nineteen 
different body measurements were involved. New data have also been 
collected on young calves and bulls. Data for the past year include weights 
and measurements on 23 heifers and 24 bulls of the Jersey, Holstein and Ayr-
shire breeds. 
Data on Growth of Dairy Cows.-Weight and height at withers of Holstein 
and Jersey cows have been tabulated· and are presented in four figures. 
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Figure 7 shows weight-age and height-age growth curves of Holstein and 
Jersey cows. Figure 8 shows the relation between weight and height at 
withers of dairy cows. In it the four curves of Figure 7 are condensed 
into one curve. This curve eliminates er.rors due to individuality, taking 
the "ideal hereditary" size of the given animal as the standard unit of 
measure and serves as a measure of the state of nutrition of the animal, as 
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Fig. 7.-We!ght-age and height-age growth curves of Holstein and Jersey cows. 
a measure of its growth as compared to the average animal of the given 
breed, and for determining the weight or height at any age for the Holstein 
or Jersey cows. The monthly gain in weight and the monthly gain. in 
height of Holstein and Jersey cows were tabulated and are presented in 
Figure 9. Data were collected to determine the change in weight of a 
gestating cow an.d a typical change in weight curve is presented in Figure 
10. 
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The Equivalence of Age in Some Domesticated Animals.-Tables of physio-
logical equivalence of age in different animals were prepared. The tables 
are based on a new graphical method. The method consists in taking the 
maximum of the growth cycles as points of reference and multiplying the 
con.ceptional ages of the maxima by appropriate constants. The accompany-
ing tables present some values of equivalence of age. 
TADL!l 11.-EQUIVAI.ENC!l Ol' Act AI1Tl;R Tllll AcE oF TH!l 'l'HIRD CYCLll. 
(Values obtn!ne.d by multiplying tbe conceptlounl nge of the mnxlmn of the third 
cycle by a constant indicated at the henri of ench column.) 
x2 x3 x4 x5 xG x7 xs x9 xlO xll x12 x13 
Domestic fowl (yrs.) 0.81 1.2 1.7 2.1 2.5 2.9 a.4 3.8 4.2 4.6 5.1 5.5 
Gulnetl pig (yrs.) .. 0.7 1.0 1.4 1.8 2.2 2.6 3.0 3.4 3.8 4.2 4.6 5.0 
Mouse (mos.) 3.8 5.5 7.6 9.7 11.7 13.8 15.8 17.9 20.0 22.3 24.1 26.2 
Dairy cow (yrs.) ... 3.9 6.2 8.3 10.9 13.2 15.5 17.8 20.2 !?l2.5 24.8 27.2 29.5 
Rabbit (yrs.) 0.0 1.4 1.9 2.5 3.0 3.5 4.0 4.4 5.0 5.5 6.0 6.5 
Hnt (mos.) 5.0 7.9 10.7 13.6 16.8 19.3 22.2 25.1 27.9 30.8 33.6 36.5 
Sheep (yrs.) ...... .. 2.2 3.5 4.8 6.2 7.4 8.8 10.1 11.4 12.7 14.1 15.4 16.7 
Factors Affecting the Normal Composition of Milk-Facto·rs Infl.uencing 
the Percent and Quantity of Fat in the Milk of Cows on Official Test (A. C. 
Ragsdale, Samuel Brody, C. W. Turner).-The Effect of Temperatttre on the 
Percentage of Fat in Milk.-Two groups of cows were used, the first consisting 
of ten cows and covering a period .of two winter months, the second group 
consisting of three cows and covering a period of two win.ter months. Data 
on the first group indicate that, all other conditions being approximately the 
TABL!l 1 2.-EQUIVALllNCll OF AGll, AGE OF ANIMALS AT THll MAXIMA OF THll THRllll CYCLllS AND THll }UNCTIONS BllTWllEN THll CYCLJ;~. 
-
Age of Max. of Age of junction be- Age of Max. of Age of junction be- Age of Max. of 
first cycle. tween first and seeond cycle. tween first and third cycle. 
second cycles. second cycle. 
Concep. Birth Concep. Birth Concep. Birth Concep. Birth Conre)). Birth Conce))tionnl age 
Age Age Age Age Age Age Age Age Age Age at birth. 
(days) (days) (days) (days) (days) (rlays) 
5 days 3 days 
Fowl 
···· ···· ······ 
16 before 18 before 84 0 wks. 100 11 wks. 156 20 wks. 21 
hatching hatching 
44 days 35 days 
Guinea Pig .. .... . 23• before 32• before 85 2.5 wks. 115 7 wks. 145 11 wks. 67 
birth birth 
Mouse .... .... ..... 27 1.0 wks. 33 2 wks. 42 3 wks. 53 5 wks. 62 6wks. 20 
4 months 3 months 
Ox (dairy cow) ... 160• before 100 before 420 4.5 mos. 690 13.5 mos. 850 19 mos. 285 
birth birth 
-
Pig . . .... . ......... 158 5wks. 120 
Rabbit 
·· ······· ··· 
40 tu days 65 5 wks. 110 11 wks. 160 18wks. 185 5 mos. 30 
---
Rat . . . . .. ... . ... •.• 31 9 days 38 16 days 47 3.5 wks. 56 5 wks. 86 9 wks. 22 
Sheep 
··· ··· ···· ··· 
197 6.5 wks. 360 7 mos. 480 11 mos. 150 
Man 
···· ····· ····· · 
345 2 mos. 5300 13.7 yrs. 285 
----·-
-
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same, the lower the environmental temperature, the higher the percentage 
of fat in cow's milk. There was an increase of approximatly 0.2 percent 
in the fat for a decrease of 10° F. in environmental temperature between the 
observed limits of 30° F. to 70 ° F. The data on the second group were not 
so defin.ite but showed some correlation between temperature and percentage 
of fat. No definite correlation was found between total solids and temperature. 
There was a slight correlation between temperature and solids in the blood, 
the specific gravity of the blood and temperature, and also between the specific 
gravity of skimmilk and temperature. 
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Fig. 11.-Vnrlatlon In the percentage of fnt In milk with temperature. 
The Effect of Giving the Cow a Cold Bath on the Percentage of Fat in Her 
Milk.-Two groups were used, of four cows each. Group 1 was on experiment 
during the month of August. A cold bath with water at approximately 
50° F. was administered at 7 a . m., 9 a. m., 11 a. m., 1 p. m. and 3 p. m. for 
three successive days followed by a three-day check period durin.g which the 
cows were kept under the same conditions but were not bathed with the 
cold water. These alternate periods were continued throughout the month. 
Results indicated that sponging at two-hour intervals during the day tended 
to increase the percentage of fat and total fat in the milk in the night milk-
ing. It apparently exerted no influeO:ce on the milk secreted during the 
night, i. e. the morning's milking. Group 2 was on experiment from October 
5 to November 20, inclusive. During the first three" weeks of the bathing 
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an increased percentage of fat was obtained. After this time an increase in 
the percentage of fat was not obtained, indicating that the animals may 
have become adjusted to the treatment. 
Variation in the Percent of Fat in Sxtccessive Portions of Cows' Milk.-A 
study of the milk drawn from the right fore quarter of the udder of a Jersey 
cow shows that variations in the percent of fat in successive portions of 
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Fig. 12.-Varlation in the percentage of fat ln successive portions of milk. 
cows' milk as drawn from the gland is very nearly the same as variations. 
in the percent of fat drawn from a cylinder in. which the milk was at rest 
for three hours. 
The Stage of Lactation as a Factor and the Seasonal Variation of the Per-
cent of Fat in Cows' Milk.-Data derived from 3,763 Guernsey, 299 Jersey, and. 
95 Holstein-Friesian yearly records viere studied. It was found that under 
conditions which ordinarily prevail in the management of dairy cattle and in-
dependent of the season of the year or character of the diet, there was a 
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noticeable decline in the percent of fat from the first to the second month and 
in some cases this influence continued for at least three months. Following 
the low period there was a gradual increase in. the percent of fat, becoming 
more pronounced during the last month of lactation. It was also found that 
the percentage of fat tended to be lowest during the summer months and 
then gradually to rise, reaching a peak during the winter months. When 
the different seasons of the year were accompanied by varying temperatures 
such as ordinarily prevail throughout the greater portion of the United 
States, the influence of the season (temperature) upon the percent of fat 
in. cows' milk was greater than the advance of lactation. 
A study of the data from 3,215 Guernsey, 305 Jersey, and 95 Holstein-
Friesian cows showed that the average daily milk flow increased slightly 
the second month and then gradually decreased until the end of lactation. 
The production of milk during the twelfth month was found to be approxi-
mately 50 percent of that produced dttring the maximum flow. The per-
centage of the total production of milk by months for the Guernseys follows: 
First month ................................ 10.6% Seventh month .......................... 7.9% 
Second month .......................... 10.9% Eighth month ............................ 7.5% 
Third month .............................. 10.3% Ninth month ................................ 7.1% 
Fourth month .............................. 9.5'1o Tenth month .............................. 6.6% 
Fifth month ................................ 8.9% Eleventh month .......................... 6.2% 
Sixth month ................................ 8.4% Twelfth month ............................ 5.7% 
The Jersey and Holstein b.reeds gave quite similar results. 
It was found that cows freshening in the fall and winter months ex-
ceeded the average more than those freshening during the summer months. 
The decline in milk flow from December until June was considerably less 
than from June to August. The Jersey data showed an actual increase 
during May, and Jnne evidently due to the stinmlating effect of pasture. The 
largest total fat yield appeared to come in the case of cows freshened dur-
ing the month of November and the lowest in the case of those beginning 
their lactation in August. 
Nutrition of Heifers-Protein Requiremen.ts for Growth (A. C. Rags-
dale, W. W. Swett).-The work of nine years (1913-1922) has been assem-
bled, tabulated and summarized. The results are approximately complete 
and ready for publication. Data are included for a total of 34 heifers, of 
which 18 are Holsteins covering 261 experimental 30-day periods and 16 are 
Jerseys coveri·ng 247.8 experimental 30-day periods. The total number of 
experimental 30-day periods covered was 508.8. 
On the whole, the actual ingestion of protein and energy was almost 
exactly as intended. 
Throughout the entire experiment the energy supply for both breeds 
was, on the average, equal to or slightly in excess of the energy standard 
prescribed by Armsby. 
While results with individual heifers varied widely, the group values 
showed that an increase in the protein plane was accompanied almost with-
out exception by a decided and steady although not" always proportionate 
increase in percent of normal growth in weight. 
In general, the group values showed that the higher protein planes were 
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accompanied by a higher percent of normal growth in height. The increase, 
however, was not as steady and not nearly as great in percent as was the 
increase in weight. This smaller range of percent in height values was 
due largely to the fact that from birth to maturity the height of a dairy 
female increased only 90 percent while the weight increased more than 1,400 
percent. 
The Holsteins were consistently able to make normal growth in weight 
on a lower plane than were the Jerseys. Normal growth with Holsteins was 
apparently accomplished on an average actual protein plane of 14.6 per-
cent and an average of 69.6 percent of the Wolff-Lehmann and 55.9 percent 
of the Armsby protein standards. The Jerseys apparently required an 
average actual protein plane of at least 31.5 percent and at least 101.6 per-
cent and 77.5 percent respectively of the Wolff-Lehmann and Armsby pro-
tein standards for the promotion of normal growth in weight. 
The "actual protein plane" referred to indicates the percent of energy 
for growth which was derived from the protein of the ration. 
The Effect of Each Ingredient in the Manufacture of Ice Cream (Wm. 
H. E. Reid, D. H. Nelson) .-The Effect of Different Percentages of B~ttterfat 
on the Physical Properties of Ice Cream.- With increased increments of butter-
fat in ice cream mixtures the specific gravity was uniformly increased, the 
viscosity showed a gradual increase, the time for the mixture to begin freez-
ing varied directly with the fat content, and the time required to whip the 
mixture was decreased resulting in a decrease in the total time required to 
freeze mixtures with high fat contents. The temperature of the frozen 
cream, .irrespective of the fat content, was practically constant, indicating 
no relation of fat content to the freezing point of the ice cream. The over-
run increased slightly with increased viscosity until mixtures containing 
10 percent fat were frozen. Above 10 percent fat the overrun decreased. 
No direct relation was found between the fat content of the different mix-
tures and the hardness of the ice cream. Ice cream mixtures containing 
small amounts of fat melted rapidly when exposed to summer temperature. 
Increased increments of fat retarded the melting process but increased the 
viscosity. Variations in overrun obtained during the freezing of different 
mixtures had a decided effect upon the stability of the ice cream. 
When the ice cream was scored at the ages of one and five days, it 
was found that the ice creams containing 10 percent and 12 percent fat were 
most easily maintained in a salable condition after five days' storage. Ice 
cream containing less than 10 percent fat showed defects in body and texture 
while those containing more than 12 percent of fat tended toward an old 
taste and a tough, rubbery body. The most desirable flavor, body, texture, 
richness and appearance was obtained in the manufacture of the 10 percent 
and 12 percent ice cream. 
The Effect of Various Ingredients in the Manufacture of Commercial Ice 
Cream Upon the Change in Temperature During the Freezing Process.-An 
investigation was made of the effects of fresh milk, sweet cream, skim-
milk powder, whole milk powder, condensed milk, evaporated milk, gelatin, 
gum tragacanth and india gum. Serum and total solids were controlled in 
all mixtures except when studying the effect of evaporated milk. The fat 
content varied with no effect on the freezing point. Each mixture was aged 
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J.' ig-. 11.- l ':llf .1. ~ i11 s o y l•t·nll l1 :1,\ g rotlp . ~ 1111 \\' 11 :tl lt •l't ;t :-; : 11 ltP ;.:." illtlill ).! ~ ~ r 1· x ~ 
]WI' ittl t' llf. 1:1 d: l,\' H o Jd. 1 : 1 ; ; r~ 11f IHtl'll l; d \ \ ' 1' \ ~ IJI, J(l ;", tt,. of llltl'lll;l) Ju•i J. !'Itl. :--; JHt\\'11 :tl 
ri ;.,:l tt :I S ill sh JII H it!ll :-i of' : l .:.: t •. "'-. .'-1 1 1, 1d ' ]lol'lll :tJ \\' v] ;.dll, !)-..: , j" t~ ltf IHII'Ill :ll lll •\ ;.!'111 . 
f..,t ·I (:liiali:t l1a y g r o up) ro n , is tin g o i thr ee llul s tc in s and Oil<' J e r s<'y 
1:1a d e :ttl :t \'f' ra gt.' cb,il .\' g ain o f J.:~ !J ptlttnd s o r H:Lti!l pe r cent o f ;1 nnnn;d 
ga in. 'I' hey a 1 e ra g t·d l ·t.O :j c n1. g ain in h e ig ht w hi c h is ll .ti:~ pnr cnt of nor -
m a I. 
Th e f<>ur J ~: r seys f ro111 L o ts ·1 and :~ wcrl' at lh e co n c lu s io n o f th e 
e x p t: rim e nt , w hi c h wa s at !h e tim e th ey w e r e (} m o nth s old, co ntinu e d in tl1 e 
he rd a nd fe d an d ca re d for a cco rd in g to th e u s u a l h e rd prac ti ce . Th ey w e re 
we ig h ed ea c h :lll -d ay peri o d . :\t u 111 0 nth s o f ag~ th ey h a d a ve rage d 6J.7 8 
pe r ce nt of th e n o rm a l w e ig ht but rimin g th e seco nd fi - m o nth p e ri o d th ey 
ga in e d s uffi c ie nt so that th ey :ll' t·ra g ccl J0-1.1 7 p e rce nt u f th e no r ma l wei g ht 
o r 1-y a r -o ld heife r s. 
lt is s ho wn th a t norm a l 1·igo r o us dairy cal vtes w eaned fr o m milk a t aho ut 
GO t o 70 da y o [ a ge a ve r a ge d , a pprox i tuate ly , 75 p e r ce n t o f t h e n o r mal rate 
o f g ro wth wh e n fed o n th e ex p erim e nta l rati o n s . l3 y th e t im e th ese ca lve:; 
were a yea r o ld th ey appr ox im a te d o r exceed e d th e norm a l we ig ht and 
h e ig ht fo r th a t age . 
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ENTOMOLOGY 
(L. HASEMAN, Chairman) 
An Investigation to Determine the Life History, Development, and 
Habits of the Corn-Ear Worm and Practical Methods of Controlling Its 
Ravages (L. Haseman, K. C. Sullivan, 0. C. McBride).-Experimental plots 
of corn including the following varieties were grown: 90-day Yellow, Sil-
ver Mine, ·Commercial White, St. Charles Yellow, Reids Yellow Dent, St. 
Charles White and Boone County White. 
One seeding was made June 2, and a second on June 16, 1921. Each 
seeding was divided into three equal parts, one of which was sprayed, a sec-
ond dusted and the third left untreated as a check. The spray solution 
included one pound dry arsenate of lead to 50 gallons of water. The dust 
included 15 parts dry arsenate of lead to 85 parts hydrated lime. 
The early seeding was treated three times on July 26, August 3, and 
August ll, 1921. The second seeding was treated on August 19, 26 and 31, 
1921. 
The season favored the second seeding so that it gave a larger yield of 
corn-26.8 as against 18.2 bu. per acre-but also had heavier infestation of 
worms. The following table summarizes results of the experiments. 
TAB!. F. 13.-Er>I>ECT 011 SPRAYING AND Dus'J'INC ON DAMAC!' BY CoRN·EAR WoRMS 
'l'reHtnHmt No. of enrs No. of nubbln8 No. of Av. % Yield a ll 
7 VJ\1'. 7 vnr. worms dumng·e v;u·. (bus.) 
Eady Seedi~1g (June 2) 
Spray ...... ... .. ..... 62 l:l() 293 5.8 19.4 
Dust 
············ ····· 
61 125 258 4.9 ?2.0 
Cllecl< 
················ 
76 143 345 U.7 21.G 
Late Seed.lng (,June. l6) 
S·pruy 
········· ······ · 
70 132 3:1:! 3.3 212.3 
Dust 
········· ··· ····· 
115 151 418 a.5 32.3 
Checl< ....... ........ 1oa 166 456 :l.2 31,() 
These results show no marked influence on the pest in either case. 
A Study of the Life Cycle of the Codling Moth and the Best Time and 
Method of Applying Insecticides for Conti"Olling It (L. Haseman, K. C 
Suiiivan, 0. C. McBride).-The tests of sprays with varying pressures and 
nozzles have been repeated. Three nozzles, disc, bordeaux and gun have 
been used with pressures of 175 and 250 pounds. 
Nine Jonathan and three Missouri Pippin trees were used this season. 
The calyx spray is the only application on which work was done. Owing to 
the almost complete crop failure last year apple worms were very scarce 
and the spring brood of moths produced but few first brood worms. On the 
test trees, less than one first brood worm appeared to 1,000 apples. On the 
check trees not more than about 10 worms appeared to the 1,000 apples. 
From each test tree young apples were collected and the tips of 50 
apples were used for tests to determine the quantity of arsenate of lea,d 
placed by each nozzle and pressure. Likewise 500 inner calyx cups were 
removed for chemical tests to determine the amount of arsenic placed in the 
inner calyx cups by each nozzle and pressure. These samples are now 
being analyzed .. 
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Collections made April 25, 1922, showed 60 percent of over-wintering 
larvae had transformed to the pupa stage. The spring was almost normal 
so far as apple blooming was concerned, blossoms appea,ring a few days 
early. The adult moths in breeding cages seemed to emerge early but under 
out-door conditions moths probably w ere on wing by May 25, 1922, and eggs 
deposited and larvae entering apples by the fi rst week in J une, 1922. Obser-
vations at that time however, failed to reveal worms entering fruit. This 
was due to the original scarcity of worms. 
On June 15, 1922, however, wormy apples were found on unsprayed 
trees. Worms removed from fruit varied from less than one-fourth grown 
to nearly full grown in size. On June 20, 1922, the first la rvae had pupated 
and on July 1, 1922, two moths emerged. 
An Inv-estigation to Determine What Insects Are Injurious to Nursery 
Stock in the State, Their Life HistoTies;, Distribution, Injury andl Methods 
of Control (L. Haseman, K. C. Sullivan) .-Study of Insects Injurious to 
Nursery Stock.-The San Jose scale continues to be the most troublesome 
pest of nursery stock. Several brands of commercial products which are 
highly recommended for the control of San Jose scale were used on heavily 
infested 2-year-old peach trees. Follow ing are the results: 
Date 
sprayed 
3/16/22 
3/16/22 
:;;16/22 
3/16/22 
3/16/22 
3/16/ 22 
3/ 16/ 22 
3/17/22 
3/17/22 
3/ 17/ 22 
No treat-
ment 
T ABLE 14.-TEsT oF CoMMERCIAL I NSECTI CIDES FOR SAN J osE SCALE. 
(Results of one test on peach tree.) 
No. Material Strength Date 
test used solution in water exa mined 
1 · Dow. Chern. Co. P . L. S. 12 lbs.-00 gal. 4/ 12/ 22 
2 Dow. Chern. Co. P. L. S. 20 lbs.-50 gal. 4/ 12/ 22 
3 Glidden's Dry Lime Sui-
fur 1.2 lbs.-50 gal. 4/ 12/ 22 
4 Glidden's Dry Lime Sui-
fur 20 lbs.-50 g-al. 4/ 12/ 22 
5 Niagra Soluoble Sulfur 12% lbs.-50 gal. 4/ 12/<22 
6 Nln,gra Soluoble Sulfur 20 lbs.-50 gal 4/ 12/ 22 
7 - Sherwin - Wms. Dry 
Lime Sulfur 12 l bs. -50 gal. 4/ 12/ 22 
8 Sherw in - Wms. Dry 
L ime Sulfur 20 l bs.-50 gal. 4/ 12/ !14'} 
9 General Chern. Co. B. 
T. S. 12 lbs.-50 gal. 4/ 12/ 22 
10 Generol Chern. Co. B. 
T . S. 20 lbs.-50 ga l. 4/ 12/ 22 
11 Grasselli's Liquid L. s. 7 gal.-50 gal 4/ lt2/ 22 
12 Glaassen & Muriit Co. 
Inc. Phil Keresol 1 ga!.-18 gal. 4/ 12/ 22 
1:; G!aassen & Muriit Co. 
Inc. Phil Keresol 1 ga!.-12 gal. 4/ 12/ 22 
14 B. G. Pratt Co. Scalecide 1 gal.-16 gal. 4/ 12/ 22 
15 B. G. Prntt Co. Scalecide 1 gal.-12 gal. 4/ 12/ 22 
16 Check 4/12/ 22 
Percent 
alive 
4.93 
2.75 
5.40 
4.13 
2.99 
4.40 
2.80 
5.40 
9.70 
3.27 
2.20 
4.40 
3.40 
0.31 
0.78 
23.40 
The above results show that it was practically impossible to eradicate 
· San Jose scale from infested peach trees by means of a spray, but the 
proper application of most of the materials listed gave good control. 
ONE YEAR' s WoRK, AGRICULTURAL ExPERIMENT STATION 63 
Use of Paradichlorobr:nzene on Peach Trees.-The peach borer is another 
insect which has caused a great loss in Missouri to the peach industry. 
During the past year considerable work has been done with Paradichloro-
benzene as a control remedy. The following table shows some of the 
results which have been obtained. 
TABLE 15.-EFFllCT oF PARADICHLOROBENZ>:NE oN DAMAGE nY PEACH BoRER. 
'l'est No. Location 
and nge* 
Dtlte treated Amount 
applied 
.-\ vertlge No. 
of Jive larvae 
per tree 
Percent 
control 
]. 
:!. 
:l. 
4. 
n. 
6. 
I. 
R. 
9. 
10. 
11. 
12. 
J:!. 
14. 
15. 
16. 
(C) 
(C) 
(C) 
(C) 
(C) 
(C) 
(C) 
(M) 
(M) 
(~1) 
(M) 
(C) 
(C) 
(C) 
()1) 
(M) 
4/:l0/21 
4/30/21 
II 1/21 
II 1/21 
9/ 7/21 
9/ 1/21 
9/ 7/21 
9/25/21 
Checlt 
10/ 5/21 
10/ 5/21 
10/10/21 
10/ 10/21 
10/10/21 
10/1r./21 
10/15/21 
%oz. 
Check 
1 oz. 
Check 
1 oz. 
2 oz. 
Checl> 
1 oz. 
Check 
1 oz. 
%oz. 
1 oz. 
1h oz. 
Checlt 
1 oz. 
Check 
2.1 
2.6 
0.1 
1.6 
0 
0 
l.S 
0 
o.s 
(} 
0 
0 ,, 
0 
1.6 
0 
o.s 
19.2 
0 
68.7 
0 
100. 
100. 
0. 
100. 
0. 
100. 
100. 
87.5 
100. 
0. 
100. 
0. 
*Experllnents conducted nt Monett on 6-yenr-olcl trees art' intlicntecl by the sym-
bol (M). Experiments conducted ut Columhln on 3-~·enr-old tr<•es nre indicated by 
the symhol (C). '!'.here were 1.4 trees in ench of the 16 tests. 
In nearly every case 100 percent control was obtained. In using Para-
dichlorobenzene the soil around the crown of the tree should be leveled 
down and the rubbish removed, then ~ of an ounce of Paradichlorobenzene 
crystals is placed in a ring around the tree and at least two inches from 
it. Then considerable soil Is heaped up around the three covering from 
Paradichlorobenzene and firmed down. After twenty-one days the soil 
containing the Paradichlorobenzene should be scraped away from the trees. 
It is preferable to make the treatments in the fall and if the trees are 
younger than six years the cambium may be injured. Trees older than six 
years can be safely treated. It is recommended that only trees over six 
years old be treated. 
Injurious Insect Pests of Melon and Related Crops (L. Haseman, K. C. 
Sullivan, 0. C. McBride).-In order to test out earlier experiments on a 
commercial basis the Station with the aid of the county agent of Mississippi 
County secured commercial fields for the experiments. Two 30-acre fields 
were selected; one at East Prairie, the other at Bertrand. One-half of each 
field was used for the tests. The fields were divided into as nearly one-acre 
plots as possible which meant four rows of melons running one-fourth 
mile. Sprays and dust applications of arsenicals at varying strengths, dust 
applications of Nico-dust and repellants were the insecticides used. 
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At Bertrand the following applications were made three times at weekly 
intervals. 
1. Cheek. 
2. Nlco-dust 1 puff to hill. 
3. 2 pounds dry arsenate of lead to 50 gallons water. 
4. 4 pounds dry arsenate of lead to 50 gallon s water. 
5. Paris green, 2 pounds, lime 4 pounds, water 50 gallons. 
6. Dust; Arsenate of lead, 1 pound, hydrated lime 15 p ounds. 
7. Dust; Arsenate of lead, 1 pound, paris green lh pound, hydmted lime 15 pounds. 
8. Dust; hydrated lime alone. 
9. Dust; N!co-dust with arsenate of lead. 
10. Dust; paris green lh pound, hydrated lime 15 pounds. 
11. Check. (Later dusted by grower with arsenate of lead.) 
After a week, observations on beetles feeding were made and greatest 
amount of feeding and damage appeared to Plots 1 (check), 2 (Nice-dust), 
10 (Paris green and lime) and 11 (check). 
The plots at East Prairie included the following applications repeated 
three times at about weekly intervals. 
1. Check. 
2. Dry arsenate of lead 1 pound, to 50 gallons water. 
3. Dry arsenate of lea d three pounds, to 50 gallons water. 
4. Dry arsenate of lead 5 pounds to 50 gallons water. 
5. Paris green 1 pound, lime 2 pounds to 50 gallons w•1ter. 
6. Dust; arsen·ate of lead 1 pound to 15 pounds hydrated lime. 
7. Nico-d ust. 
8. Dust; arsenate of lead 1 pound, paris green lh pound, lime 15 pounds. 
9. Cresote lh pint, sand 30 pounds, as repellant. 
10. Cheek. 
11. Arsenate of lime 1 pound, gypsum 20 pounds. 
12. Arsenate of lime 1 pound, hydrated lime 20 pounds. 
13. Check. 
In this field the beetles were very scarce and throughout the tests very 
few entered the field, so that comparative records of damage or control 
were impossible to secure. 
Observations on other melons in the vicinity of our fields where arseni-
cals had been applied showed that it controlled the beetles and stopped 
further damage. Bugs from these fields failed to move on to our fields 
so were evidently killed. The same records were obtained at both East 
Prairie and at Bertrand. 
Observations from repeated tests with our Nico-dust showed that 
where beetles were caged and stirred up thoroughly applications of dust 
killed about 60 percent of the beetles. Where infested hills were caged 
but the bugs left undisturbed, less than 10 percent of the beetles were killed. 
Nice-dust tested for repelling power after two or three days showed on 
19 treated hills a total of 43 beetles present and on 19 untreated hills 46 
beetles present, indicating no repelling power. 
The beetles showed a dislike for poisoned foliage but would eat it 
and with a spray of one pound dry arsenate of lead in 50 gallons of water 
thoroughly applied we have secured in cage experiments as high as 100 
percent kill in some tests after two days' exposure. 
Our experiments showed that a dry application was easier to apply 
though it does not stick or cover as well as a spray. Arsenicals have given 
the best results as sprays or dusts mixed with carriers. Repellants give 
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promise. Trap crops planted early with a delay in planting of melon crop 
showed decided promise from the observations in the melon section of 
Southeast Missouri. Results to date lead us to continue the general recom-
mendation of dusting or spraying the melon crop with arsenicals, prefer-
ably using light hand equipment. 
To Determine Accurately the Life Cycle of the Hessian Fly in Mis-
souri and the Most Effective Methods of Controlling (L. Haseman, K. C. 
Sullivan, 0. C. McBride).-Plots were maintained this year at Maryville, 
Kirksville, Hannibal, Columbia, Webster Groves, Cuba, Wittenberg, 
Charleston, Springfield and Mountain Grove. As formerly six or seven 
seedings were made in each field. 
The Hessian Fly life cycle has been fairly normal except for the fact 
that in Central Missouri when the fall brood of flies were emerging a·round 
the close or the first week in O~tober sharp frosts held back a part of the 
brood until October 20. This resulted in eggs being laid on wheat seeded 
on and after the fly-free date. In some fields these eggs hatched and a de-
layed brood of fall larvae began to feed on late seeded wheat. However, 
in only one experimental field, Webster Groves, did we find these larvae, 
maturing to the flax-seed stage for safe wintering on wheat seeded on the 
fly-free date. What threatened to upset our recommendations on fly con-
trol, therefore, turned out to be a fairly normal condition as regards the 
fly. 
In each field except Webster Groves seeding made on or after the pre-
viously determined fly-free date for the locality showed no flax seeds ma-
tur1ng to pass the winter on the wheat, though egg laying occurred on some 
of the plants seeded on the fly-free date. At Webster Groves, 3.7 percent 
infestation occurred on Plot 4 seeded on the fly-free date. 
Records on yields from experimental plots showed this year that the 
maximum yield in most of the fields was produced on Plot 3 seeded one 
week before the fly-free date. The scarcity of fly resulting in slight fly 
damages and the abundant rainfall which permitted the preparation of 
good seed beds fo·r early seeding no doubt had much to do with the good 
record of yield from the earlier seeded plot this year. However the average 
yields from Plots 4 and 5, on all fields seeded on and one one week after 
the fly-free date were not much lower than those for Plot 3. 
An Investigation of Methods for Controlling the Chinch Bug (L. Hase-
man, K. C. Sullivan) .-During the year some tests were made with repel-
lants and h.eavy, sticky oils as barriers. These tests were on a small scale 
but proved unsatisfactory. In practical use our farmers report them effect-
ive. 
Last fall an effort was made to demonstrate widely the value of winter 
burning of chinch bug harbors and an enormous amount of such work was 
done. This work has shown beneficial results though in some burned sec-
tions chinch bugs were serious this spring. 
To prevent migration of immature bugs from wheat, oats, rye and bar-
ley . to corn a special effort was made this spring to acquaint all farmers 
with the ditch-log-dust barrier. Tests made at Jefferson City showed it to 
be effective in soils that will pulverize .. A ditch 8 inches deep through 
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which a log was dragged every few minutes during the period of heavy 
migration protected corn from the bugs. Our attention has been directed 
particularly to this barrier between smaJI grain fields and corn. 
FIELD CROPS 
(W. C. E'l'HERIDGE, Chai1·man) 
Cultural Experiments With Com (W. C. Etheridge, C. A. Helm, 0. W. 
Letson).-The results of investigations in cultural methods for corn were 
published during the year in Experiment Station Bulletin 185. The most 
important conclusions which will include the results of 1921 are as follows: 
1. At the Maryville field, Nodaway County, the average results of ten 
years showed that planting by the single list method increased the yield of 
corn 11.4 bushels per acre ove·r surface planting on plowed land. The use 
of furrow openers by which means the seed is planted in shallow furrows, 
increased the yield 6.8 bushels over surface planting. Double disking 
ahead of the lister did not pay for the labor. Double listing has been in-
ferior to single listing by 6.2 bushels per acre. 
2. At Warrensburg, Johnson County, in a four-year test the use of 
furrow openers in planting caused an average acre increase of 3.9 bushels 
over the yield from ordinary surface planting. 
3. Experiments in cultivated corn at Shelbina, Maryville and Warrens-
burg, for a period of three years and at Springfield for one year showed 
that the highest yield was reported when the soil surface was scraped as 
shallow as possible to remove the weeds. 
A Study of the Adaptations of the Important Varieties of Wheat for 
Missouri COi!l!ditions (W. C. Etheridge, C. A. Helm, L. J. Stadler).-Pre-
vious tests (Missouri Exp.eriment Station Bulletin 188) have shown Ful-
caster, Fultz and Poole to be among the leading varieties of wheat for 
Missouri and on the whole preferable to other varieties. In 1920-21, these 
three were compared at Warrensburg, Central Missouri; Cuba, South Cen-
tral Missouri; Stark City, Southwest Missouri; and Maryville, Northwest 
Missouri. At Warrensburg and Stark City, Fulcaster led in yields; at 
Maryville, Fultz was the leader; and at Cuba, Poole outyielded the other 
varieties. However, the differences were in no case great enough to indi-
cate the invariable superiority of one variety. 
A Study of the Important Varieties of Oats for Missouri Conditions 
(W. C. Etheridge, C. A. Helm, L. J. Stadler).-Commercial varieties of 
oats were tested in 1921 at Maryville and Warrensburg. The yields of rep-
resentative varieties at these stations were as follows: 
TABLE 16.-YIELDS OF OAT VARIETIES AT MARYVILLE AND WARRENSBURG. 
Variety 
American Banner . ...... . .. . .................. . 
Kberson ....... . ...... . ..................... .. . 
Red Rustproof .... . .. .. .... . ...... . ...... . ... . 
Burt .... . ........... . ... . ....... . ......... ... . . 
Maryville 
33.2 
51.0 
55.8 
47.3 
Wa rrensburg 
2.1 
19.3 
26.1 
16.5 
As in preceding seasons the earlier varieties were superior in yield to 
the later varieties. The results of oats variety tests conducted by this 
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Station during the last 12 years indicate clearly that the early maturing 
varieties a-re the best yielders in this state. In central and southern Mis-
souri the advantage of the early maturing varieties is very great. In north-
ern Missouri when early seeding is possible the moderately early maturing 
varieties are about equal to the extremely early varieties, in yield. 
The results of variety tests of oats during recent years have been sum-
marized and published in Circular 105, "Productive Methods for Oats in 
Missouri." 
Several hundred pure line selections of oats mostly of the va-rieties 
Kherson, Sixty Day and Fulghum were grown at Columbia in Short rows 
during 1921, and the best of these selected for further study. Several prom-
ising selections were made also from the progeny of hybrids between va-
rious oats varieties. 
A Comparison of the Most Important Grain Sorghums With Corn for 
Grain and Forage Production (W. C. Etheridge, C. A. Helm, 0. W . Let-
son).-In 1921 practically all crops of grain sorghum in the study of crop 
yields of corn and grain sorghum in the Ozark section were destroyed by 
the sorghum head worm (Celama sorghiella). The grain sorghum crops of 
that season must therefore be conside·red a practical failure at a time when 
corn ylelded 15-20 bushels to the acre. However, in a test for forage yields. 
Orange, the highest yielding variety of sweet sorghum, nearly doubled the 
yield of Boone County White, the highest yielding variety of corn, in pounds 
of dry matter produced per acre. 
Wheat Breeding Investigations Including the Improveme•nt of Commer-
cial Varieties by: 1. The Pure Line Method of Breeding; 2. Hybridiza-
tion and Subsequent Selection (W. C. Etheridge, L. }. Stadler).-Yield 
tests of varieties, pure line selections and selections from hybrids were con-
ducted in small plots. Of about 1,000 pure line selections grown in head 
rows in 1920-21, 160 of the most promising were selected for further study. 
Each of these was sown in triplicate rod-rows in 1921, for the determina-
tion of yield and other qualities of practical importance, 
Several of the more promising older selections, which had given good 
yields for several seasons in the rod-row tests, were grown in field plots 
at Columbia in 1920-21. The yields of two of the Michigan Wonder selec-
tions, in comparisot; with the parent variety, are shown below: 
Michigan Wonder ...................................... 22.6 bushels. 
Michigan Wonder No. 8 ........................ 26.0 bushels. 
Michigan Wonder No. 21 ...................... 27.5 bushels. 
Cultural Experiments With Cotton, Including Fertilizer Tests (W. C. 
Etheridge, C. A. Helm, 0 . W. Letson).-Applications of phosphatic fertil-
izer to cotton on the Lintonia fine, sandy loam of Southeast Missouri gave 
marked results in the season of 1921. An application of 300 pounds of acid 
phosphate to the acre, produced a yield nearly 50 percent greater than the 
yield of untreated plots and at the same time notably increased the earli-
ness of maturity. Small applications of potash, however, apparently had no 
effect on yield or maturity. 
A Study of the Adaptation of the Importan,t Varieties of Spring Barley 
for Missouri Conditions (W. C. Etheridge, C. A. Helm, L. J. Stadler).-
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Commercial varieties of barley were tested at Columbia, Maryville and 
Warrensburg. As in past seasons, the leading variety of barley was Oder-
brucker. At Columbia and Warrensburg, Central Missouri, its yields were 
materially lower than those of the better oats varieties, but at Maryville, 
Northwest Missouri, barley compared very favorably with oats. 
The oustanding feature of the barley tests at Columbia was the consist-
ently good yield of two new varieties, T rebi and Sandre!, obtained in 1919 
from the United States Department of Agriculture. For three consecutive 
seasons these two varieties have been the leaders in the nursery test, in 
which 15 to 30 varieties have been included each season. Their yields in 
comparison with Oderbrucker are shown below: 
TABLE 1 7.-YIELDS IN BusHELs PER ACRE oF LEADING BARLEY VARI ETIES. 
Variety 1919 1920 1921 Average 
Trebi ......... ....... ...... .. ...... . ... 41.40 14.90 39.49 31.93 
Sandre! ........... .. ................... 45.24 17.83 39.61 34.23 
Oderbrucker . . . . .. . . .. . ............... . 30.60 12.55 37.64 26.93 
A Study of the Cultural Requirements and Adaptation of Sudan Gt-ass 
(W. C. Etheridge, C. A. Helm, 0. W. Letson).-The investigation of Sudan 
grass during the season of 1921 was limited to a study of the effect of 
spacing upon the yield. Both at Columbia and at Cuba, Sudan grass grown 
in rows 3 feet apart produced yields which were practically the same as 
when drilled solid. 
This very similar result from two different types of soil indicated that 
there was little relation between spacing of the rows and the yield of dry 
matter per acre. However, when the crop was sown thick, using a grain 
drill, the hay was of a much finer quality, although the seed was not quite 
so large. 
A Study of the Adaptations of the Important Varieties of Cotton for 
the Southeast Missouri Lo,wlands (W. C. Etheridge, C. A. Helm, 0. W . 
Letson) .-Eight important • varieties of cotton were compared during the 
season of 1921, on the Lintonia fine sandy loam of the Delta region of 
Southeast Missouri. They included three distinct types: (1) late big boll, 
(2) early small boll, and (3) long staple. Their yields were as follows: 
TABL>: 18.-COMPARATIVE YIELDS OF COTTON ON LINTONIA FJN£ SANDY LOAM. 
Type and Variety 
Big Boll Varieties 
Acalla ........ . .. ....................... . ........... . 
Mebane .... ... .................... .... .. ... ......... . 
Cleveland ..... .. ........ . .............. . . . .. .. .... . . . 
Rowden .. .. .. . . . ................... ... .. . ..... . .... . 
Small Boll Varieties 
Trice .. . ... . . .. . . ...... ··. · · · · · · · · · · · · · · · · · · · · · ·• · · · • 
Simpkins Prolific .. .... . . . . .. . .. ..... •. . . . . . . .... ... 
King . .... . .. . . . .................... . .. ........ ..... . 
Long Staple Varietie& 
Webber 49 .. ...... ........... .... . . .... . . . ... ... ... . 
Pounds of Lint Per Acre 
560.2 
498.7 
526.3 
440.9 
382.6 
439.2 
372.6 
393.0 
As in the season of 1920, the big boll varieties, Acalla and Cleveland 
were the outstanding leaders in the season of 1921. 
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A Genetic Analysis of Maize (W. C. Etheridge, W . H. Eyster, L. J. 
Stadler).-The Inheritance of Zigzag Culms in Maize.-Morphological ab-
normalities in maize have been found in increasing numbers and most of 
them are inherited as simple Mendelian recessives. The inheritance of 
zigzag culms, the subject of the present study, has been found somewhat 
more complex than the inheritance of many other abnormalities. 
Maize plants with zigzag culms were first observed in a number of 
F, progenies of a cross between a T.om Thumb pop corn and a variety of 
Missouri dent corn. The culms were more or less crooked instead of 
straight as in normal plants. The affected internodes arched away from 
the point of leaf attachment and in many instances the internodes were en-
tirely removed from the leaf sheaths which normally clasp them. 
Crosses between normal plants and zigzag plants gave F, plants with 
normal culms. Some F, progenies consisted of normal plants and zigzag 
plants in the ratio of 15:1, others in the ratio of 3:1. Evidently two factors 
were concerned. These factors have been designated Zg zg and Z z. Zigzag 
culms appeared only when both factor pairs were recessive. The factor 
pair Zg zg was very closely, or completely, linked with the factor pair 
Gs gs, greenstripe. 
The R elative Frequency of Crossing Over in M egasporogenesis and Mic-
rosporogenesis in M aize.-Investigation of this problem gave further evidence 
on the relative frequency of crossing over in micro-sporogenesis and mega-
sporogenesis m maize. The factors for sugary endosperm and tunicate ear 
were found in the same chromsome about 29 units apart. A comparison of 
the amount of crossing-over between the factors for sugary endosperm and 
tunicate ear in the formation of pollen and ovules was made. From obser-
vations on 4622 plants it was concluded that crossing over occurs just about 
as frequently in microsporogenesis as in megasporogenesis. 
Scarred Endosperm and Size Inheritance in Kernels of Maize.-Scarred 
endosperm is a new character in maize which consists of an irregular cav-
ity in the endosperm on the · abgerminal side of the kernel. Kernels with 
s.carred endosperm usually have a rough indentation. Scarred kernels 
were compared in thickness and weight with normal kernels and it was 
evident both from the general appearance of the kernels and from ·the data 
collected that scarred kernels were smaller than the kernels with normal 
endosperm. Scarred endosperm is inherited as a simple Mendelian reces-
sive. 
·comparison o.f Soybeans and Cowpeas for Hay and Seed Production 
(W. C. Etheridge, C. A. Helm, 0. W . Letson).-lComparisons of the soy-
bean and cowpea crops for seed and hay in 1921 showed as in previous years, 
the superiority of the soybean for both purposes. For the seasons of 1920 
and 1921 the average yields of Whippoorwill and New Era-the two leading 
varieties of cowpeas-and the average yields of Morse, Wilson, Virginia and 
Medium Yellow-leading varieties of soybeans-were as follows: 
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TAnr.E 19.-AvERAGF. ACRE YIELDS o F CowPEAs AND SoYBEA NS, I N BusHELS oF SEED A ND ToN s 
OF HAY. 
(Ave rage Yie lds of 1920 and 1921 ) 
Columbia Maryville K e nn ett K irksville Cuba 
Crop· Seed Ha y Seed H ay Seed Hay Seed Hny Seed Hay 
Soy beans 
· · ·· · · · ··· 
28.6 2.5 17.5 1.9 12.6 1.4 17.9 2.7 6.4 0.25 
Cow peas . .. .. .... . 14.5 2.3 5.8 2.1 10.1 1.2 9.8 2.5 5.6 0 ·>-
·-· 
Factors Influencing the Development of the Maize Plant-Field Studies 
of the Plant (W. C. Etheridge, C. A. Helm, L. J. Stadler).-The results on 
this project have been published in Research Bulletin 46. In a study of the 
correlation between yield and certain characters of the corn plant it was 
concluded: "Within the conventional limits of a variety of corn, no varia-
tion in the visible structures or characters of a normal, heal thy plant is a 
reliable index of the relative ability of its progeny to yield. The relative 
yield of the mother plant is the only indication, uncertain as it may be, of 
the relative yield of the progeny." 
From a study of the relation of certain ear characters to shelling per-
centage, shrinkage and viability the following results are summarized : 
" 1. Ears extremely characterized by deep kernels, narrow kernels or 
starchy kernels, had a slightly higher shelling percentage than ears of the 
opposite extremes. No other characteristics of the ear showed a significant 
relation to the proportion of grain. 
''2. Heavy ears, thick ears, deep-kerneled ears, and ears with a large 
number of rows, lost considerably more weight than ears of the opposite 
extremes, during a total drying period of six weeks. These characteristics 
are of course closely related to the size of the cob. Other characteristics 
of the ear showed no relation to the total loss of moisture. 
"3. In all types of ears more than 75 percent of the total shrinkage 
occurred during the first 4 weeks of a drying period of 12 weeks. Addi-
tional shrinkage was very slow over the following 8 weeks. This indicated 
that when seed corn has been air-dried on racks or other devices for about 
a month, it may safely be stored in a more convenient bulk. 
"4. Smooth kernels, shallow kernels, horny kernels and kernels with 
small germs, showed a higher viability than kernels of the opposite ex-
tremes. No characteristic of the ear as a whole showed a relation to viabil-
ity which may not be traced to the moisture content of the cob. Possibly 
the previous treatment of the seed influenced the relative viability of the 
different types. 
A Studly of the Adaptation of the Important Varieties and Selections 
of Soybeans to the Various Soil Types of the State (W. C. Etheridge, C. A. 
Helm, 0. W. Letson).-The results of a six years test of soybean varieties 
are published in Missouri Experiment Station Bulletin 195. The tests were 
carried out not only at Columbia, but in several other representative parts 
of the state. The results are summarized as follows : 
1. Morse, Medium Yellow, Mikado, Wilson and Virginia were selected 
for testing in representative sections of Missouri, because of their (a) high 
yields and (b) general fitness for the conditions of the sections in which 
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they were to be grown. Both of these qualifications had been shown in the 
Columbia test. 
2. By the results of the Kennett and Cuba tests, Virginia was strongly 
indicated as the most desirable variety for seed and hay on soils of medium 
and lower than medium fertility in South Missouri. Wilson also was indi-
cated as a good variety for soils of this type. But there was no evidence 
to indicate that either of these varieties was superior to Morse, Mikado or 
Medium Yellow on the more fertile soils of this section. On soils moder-
ately fertile, fertile and highly fertile at Warrensburg, Kirksville and Maryville, 
respectively, Virginia yielded poorly in comparison with most of the 
varieties. Its high yields at Columbia may be explained by the fact that 
here its marked tendency to lodge on fertile soils was offset by careful 
methods of harvesting, which secured its yields completely. 
3. The Warrensburg test indicated Wilson as a superior variety for 
seed and hay on Central ·Missouri soils somewhat above the average in 
fertility. 
4. At Kirksville, Morse and Mikado were the highest yielders and are 
probably superior varieties for soils in Northeast Missouri approaching a 
high degree of fertility. 
5. At Maryville, on highly fertile soil, Mikado was a consistent leader 
in yields of seed and seems generally desirable for soils of this type in 
Northwest Missouri. Morse and Medium Yellow also yielded well. For 
this soil Wilson was indicated as a good hay and general purpose variety. 
6. The relatively high yields of Morse and Mikado at Columbia, Kirks-
ville and Maryville, together with their relatively low yields at Kennett 
and Cuba, made strong evidence of the adaptation of these varieties to fer-
tile soil. Mikado, however, made a comparatively low growth, and conse-
quently was not suitable for soils of medium to low fertility, on account of 
the difficulty of harvesting. 
7. Ito San was generally a low yielder under all conditions. It is 
doubtless unsuited to any part of the state, except when very late planting 
is necessary. Medium Yellow was not a leader in any of the tests. 
8. The high yields at· Columbia, higher than those on more fertile soil 
at Kirksville and Maryville, were doubtless the result of better methods of 
production, especially harvesting. 
9. The high yiefds of Haberlandt at Columbia, together with its stiff, 
erect habit of growth, made this a promising variety for the more fertile 
soils. 
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HORTICULTURE 
(V. R. GARDNER, Chairman) 
Spraying Fruits for Insects and Fungous Diseases (H. G. Swartwout) .-
The late spring freezes of 1921 kiJled the fruit crop for that year and made 
it impossible to determine the relative values of dry lime sulphur and liquid 
lime sulphur, and the addition of a miscible oil as a spreader in the control 
of fungous diseases on the fruit of the apple. ·Counts on the amount of 
apple scab in the various plots indicated that under the conditions existing 
in 1921 dry lime sulphur when used in sufficient quantity was as 
effective as liquid lime :;ulphur in the control of apple scab on apple leaves. 
The use of miscible oil in the liquid lime sulphur and arsenate of lead mix-
ture gave a somewhat better control of apple scab on the leaves than the 
ordinary liquid lime sulphur and arsenate of lead mixture. Check trees 
showed 100 percent infection. 
Treatment of Apple Canker Diseases (H. G. Swartwout).-Observations 
have been continued on blister cankers which had been cleaned and sterilized 
with bichloride of mercury and mercuric cyanide used with white lead and 
linseed oil mixture applied as a plant. More of the treated cankers have 
been showing signs of the fungus breaking out beyond the treated area and 
the ft:ngus has appeared in a number of cases despite several successive 
treatments. 
Nutrition and Plant Response of Vegetables (J. T. Rosa, Jr.).-Ferti-
lizer experiments with Irish potatoes indicated that phosphorus was the 
primary limiting factor. A fairly high percentage of available nitrogen and 
potash, in addition to phosphates, has given a marked stimulus to the early 
growth of potato plants. The rate of early growth was· correlated with 
yields. 
Home Vegetable Garden (J. T. Rosa, Jr.).-Two model gardens were 
carried through their third year. The results for the three-year period have 
been summarized and published as Station Bulletin 193. It was found that 
the 0-acre farm garden required on the average 89 hours of labor, and that 
the gardener's wages in produce was $1.76 per hour. For the 1/20-acre 
back yard garden, 34 hours were required per year and the produce re-
turned $1.63 per hour. 
It was found that certain vegetable crops were much more profitable 
than others for average home garden conditions in Missouri. Unprofitable 
crops were cauliflower, head lettuce, Lima beans, spinach and peas. The 
best paying vegetables were tomatoes, snap beans, sweet potatoes, cabbage, 
set onions, peppers and Irish potatoes. 
Investigatio.ns With Seed Potatoes (J. T. Rosa, Jr.)-The results of 
the first four years' work on this project have been compiled and published 
as Station Bulletin 191. 
The experimental data showed conclusively that: (1) Irish potatoes 
grown continuously in Missouri as a spring crop, declined in productivity. 
(2) The production of a fall crop was practical and profitable. (3) Fall 
crop potatoes may equal northern grown potatoes as seed for the spring 
crop. ( 4) There was a very wide range in productivity between different 
strains of the same variety. (5) On the average, certified seed potatoes pro-
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duced more profitable crops than non-certified northern seed. ( 6) No 
particular differences could be ascribed in potatoes of standard varieties 
obtained from different northern states ranging from Michigan to Nebraska. 
Transplanting In"l'estigations With Vegetables (J. T. Rosa, Jr.).-The 
experimental results to elate have been assembled and published as Research 
Bulletin 48. 
Employing the dilatometer method, it was found that a close correla-
tion existed between the amount of water frozen in plant tissue at a given 
temperature, and hardiness to cold. It was also found that the amount of 
water remaining unfrozen in leaves at low temperature was approximately 
a logarithmic function of the temperature. A correlation was also found 
between hardiness and hot-water-soluble pentosan content, both within a 
species and between different species. 
Leaves of - evergreen "plants, Euonymus, strawberry and honeysuckle and 
cereals, wheat and ·rye, were found to undergo a marked increase in pento-
san content during the fall and "early winter. 
It was found that one of the most important effects of various treat-
ments inducing hardiness in vegetable plants, was a greatly increased ratio 
of roots to tops in hardened plants. 
Breeding Apples for Late Blooming Habit (F. C. Bradford).-Seeds 
from open-pollinated apples in the seedling orchard were saved last fall 
and planted this spring with fair results in the number of second genera-
tion seedlings now growing. Crosses on Rome and Cilligos, very late 
blossoming varieties, were made this spring with success. Grafts of several 
late blossoming English and French varieties, received in exchange from 
the N a tiona! Fruit and Cider Institute in England, were set successfully 
in trees in the seedling orchard, to extend the amount of breeding material 
available. 
The occurrence of late blossoming has been investigated statistically 
and by morphological studies. It was shown that late blossoming was more 
pronounced in some localities than in others and that it was the product 
of temperature accumulations alone. Apparently there were times when 
temperature was not a controlling factor but these times varied with locality 
and with the kind of fruit and possibly with the variety. Microscopic 
examination indicated that in the apple there were at least two factors 
concerned in the period of blossoming: (1) the advancement in the fall 
and '(2) development through the winter. Some variations apparently had 
these factors so combined that they were very late in blossoming. Others 
having only one or neither, blossom earlier. Accordingly late blossoming 
may be a recessive character; some varieties were likely to be more pro-
ductive of late blossoming seedlings than others, though they may blossom 
together. 
Incidental to the microscopic study, winter injury to apple fruit buds 
was observed. A brief account of this is being prepared for publication. 
Fruit Bud DevelopmeDJt of Fruit Trees As Influenced by Treatment and 
Previous Crops (F. C. Bradford).-Figures gathered in this study were 
combined with other data secured in the Orchard and Strawberry Nutrition 
projeCt and published as Research Bulletin 47. These figures represented 
some 13,000 measurements of spur growth and showed an increasing tend-
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ency to fruit bud formation with increasing length in growth of the spur, thus 
indicating more or less autonomy in the spur. On the other hand, it was 
evident that the performance of the tree as a whole had a marked influence 
on the performance of the individual spur. Other data combined with these 
data, showed clearly that studies of the factors determining fruit bud dif-
ferentiation should be extended beyond the spur. 
Peach Breeding for Hardy Sorts (V. R . Gardner) .-First ge~eration 
seedlings have fruited. More than 2,000 second-generation seedlings are 
now growing and should fruit within the next two or three years. 
It is evident from the results which have been obtained that the second 
generation seedlings may not be of as great value as originally believed. 
With this in mind an effort has been made this year to secure new ma-
terials. The new stock that offers some promise of future results includes 
grafts of Pnmus mira and P. persica potanini, secured through the U. S. 
Office of Foreign Seed and Plant Introduction and the Marquette peach, 
which originated near Marquette, Michigan. 
Orchard and Strawberry Nutrition (V. R. Gardner, H. D. Hooker, Jr.).-
A comparative study of the chemical changes in bark and spurs of bearing 
and non-bearing York trees was reported in Research Bulletin 47. It was 
found that the carbohydrate changes in the bark on alternate bearing trees 
were the same as those in the spurs, indicating that these trees acted more 
.or less as units. The percentage of potassium in the bark was found to be 
as great as in the spurs, while the percentage of nitrogen was only half as 
great. 
The results of fertilizer experiments were reported in Research Bulle-
tin 50. It was found that the later nitrogen applications were made to apple 
trees, the higher was the nitrogeri content of the spurs the following spring. 
It was found also that spring applications of quickly available nitrogen to 
trees in good condition did not have a tendency to increase fruit bud dif-
ferentiation. A study of the effect of various fertilizer treatments on the 
crop producing power of apple trees is being pursued. 
A detailed study of factors associated directly or indirectly with fruit 
.bud differentiation and fruit setting is being made. This involves chemical 
analyses and extensive measurements on bearing and non-bearing trees. 
The study of the sulphur content of apple trees has shown that sulphur 
was present in amounts frequently equal to or greater than that of phos-
phorus. It was found that whenever the phosphorus content increased, the 
sulphur content decreased and vice versa. 
The nutrition work with the strawberry this year has been limited 
to (1) determining the influence of the general nutritive conditions with 
the soil at different seasons of the year upon the composition of the plant, 
especially at its period of fruit bud formation, and (2) correlating these 
factors with the plant's subsequent behavior. The data obtained indicated 
that nutritive conditions within the soil in the spring immediately preceding 
and during the fruiting season were relatively unimportant in influencing 
the various plant functions associated with yield; on the the other hand, 
these conditions immediately preceding and during the period of fruit bud 
formation were of great importance. Incidentally the data gave considerable 
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information upon the nature of the nutritive conditions within the plant. 
itself that are associated with sex determination. 
Study of the Factors Influencing the Rest Pedod of Horticultural 
Plants (H. D. Hooker, Jr.).-The correlation between pentosan content, 
water retaining capacity and hardiness has been verified and the data ampli-
fied by further chemical analyses and by the use of the dilatometer. The 
results obtained in vegetable plants have been published in Research Bul-
letin 48. 
A study of the rest period has shown that hydrogen-ion concentration 
was an important factor associated with the beginning of the rest period. 
Since pec tin and pectin-like substances seemed to be important in 
hardiness and in the rest period problem, a detailed chemical study of these 
compounds is being continued. 
POULTRY HUSBANDRY 
(H. L. KEMPSTER, Chairman) 
Effect of Early Laying on Egg Product:on (H. L. Kempster, Earl W. 
I-T enderson).-The production of White Leghorn pullets from November 
1 to October 31 showed that those which started to lay in 'September, Octo-
ber, November, December, January, February and March laid 156, 164, 158, 
154, 132, \JO and 82 eggs respectively. Those starting to lay in September 
and October averaged 20 eggs and 8 eggs respectively before November 1. 
Of those starting to lay before the first of January, 7 percent, and of those 
starting·to lay after the first of January, 22 percent, were molting in July. 
Of the former group 16 percent showed no signs of molting on November 
1 with an average egg record of over 200 eggs, while 9 percent of the latter 
group showed no signs of molt on that date. The early layer evidently had 
the ability to stand up better under the strain of heavy production. 
The time of starting to lay was dependent upon time of hatching and 
length of maturity. Pullets laying before January 1 matured in 221 days 
or less, while those starting to lay after January 1 required from 240 to 30() 
days to reach maturity. 
Influence of Time . of Hatching on Future Production (H. L. Kempster, 
E. W. Henderson).-White Leghorn pullets hatched in February, March, 
April, May and June averaged 158, 140, 155, 145 and 139 eggs respectively 
from November 1, 1920, to October 31, 1921. Those hatched in February, 
March and April laid 16, 11 and 3 eggs respectively before November 1. 
Of those hatched in February, 6 percent laid over 200 eggs; in March, 11 
percent; April and May, 17 percent; ·and June, 5 percent. The May and 
June hatched pullets made better records than reported last year. This 
may be attributed to the cool summer of 1920, which was unusually favor-
able for growing late hatched chicks. The fall and early winter was also 
unusually mild. This made it possible to develop them before cold weather. 
The data showed that there was no particular disadvantage in hatching 
White Leghorn pullets before April 1. If one considers the sale of broilers 
there is a distinct advantage in hatchin_g early. 
Length of Period Required to Reach Maturity As an Indication of Fu-
ture Egg Production (H. L. Kempster, E. W. Henderson).-Of the 230 
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White Leghorn pullets observed, those which matured in less t han 175 days 
averaged 168 eggs from November 1 to October 31; between 175 and 199 
days, 162 eggs; 200 to 224 days, 153 eggs; 225 to 249 days, 146 eggs ; 250 to 
274 days, 125 eggs; 275 to 299 days, 92 eggs; and over 300 days, 93 egg~. 
Of the 67 pullets which matured in less than 200 days, 19 (or 28 percent) laid 
more than 200 eggs. Of the 135 which matured in from 200 to 250 days, 11 (or 
8 percent) laid more than 200 eggs. No pullet requiring over 250 days to mature 
laid 200 eggs. :Early maturity evidently had an important bearing on pro-
duction. 
Value of Sour Milk, Beef Scrap, Cottonseed Meal, Gluten Meal and Oil 
Meal in Rations for Egg Production (H. L . Kempster, Earl W. Henderson). 
-A scratch feed for all pens was supplemented with a basal mash consisting 
of equal parts by weight of bran, shorts, and cornmeal. To this basal 
mash was added tankage, hoof meal and cottonseed meal in various amounts 
as shown in Table 20. The sour milk pen was given ail the skimmilk the 
birds would drink, which amounts to 90 pounds per year per hen. 
TABI.!l 20.-COMPARISON OF TANKAG!l, HooF MJ>AI. AND CoTTONSeED MilA I. IN BASAl. MASH. 
Protein concentrate Proportion of Average egg :J;'eed (lbs.) to 
. Pen added to basal masb. protein concentrate production produce 1 
in mash dozen eggs 
1. T a nkage 20% 11:! 9 
::!. Tankage 20o/o 114 8 
3. Hoof Meal 20% 75 12 
4. Tankage 15% l:H ~:~.a 
5. Tankage 15% 
Cottonseed Meal 5% S8 10.5 
6. Tankage 10% 
Cottonseed Meal 10% 46 18 
'· 
Tank.age 10% 86 11 
8. Tankage 5% 
Cottonseed Meal 15% 68 12 
9. Tankage 5% 100 11.1 
10. Sour Milk 128 7.2* 
*Does not include milk. 
Hens having passed through one laying season were used. The larger 
proportion of tankage in the mash required less feed to produce a dozen 
eggs. The use of cottonseed meal did not increase egg production. In 
fact where it constituted 10 to 15 percent of the mash the production was 
from 32 to 40 eggs per hen less. Hoof meal which was treated by request 
did not prove an adequate source of protein. The best records were made 
with sour skimmilk with an egg production of 128 eggs per bird. 
Age As a Factor in Poultry Breeding (H. L. Kempster, Earl W. Hen-
derson).-Of 129 White Leghorn pullets from hens 11.6 percent died during 
the first laying season while the mortality of pullets hatched from eggs 
produced by pullets was 16.4 percent. The egg production of each group 
was practically the same, being 148.3 and 149.8 respectively. Winter egg 
production was 33.5 and 32.3, spring production 75, and summer production 
40 and 42. There appeared to be little if any disadvantage in using White 
Leghorn pullet"' for breeding purposes if fullv mature. 
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Time of Molting As an Index to Past and Future Egg Production (H. L. 
Kempster, E. W. Henderson).-A flock of over 200 White Leghorn pullets 
in their first laying season were examined each month, and the following 
data indicated that the time at which a bird molted was an excellent guide 
as to past performance. 
TABLJ! 21.-RELATION OF TIME OF MOULTING TO EGG PRODUCTION. 
First hlyiug season Second laying season 
Month Summer eggs Total for Winter eggs Spring eggs 'l'otal No-
molted July 1 year November 1 to Mnrcll1 to vember 1 
to Octo her 31 February 28 June 30 to June 3« 
July ... ......... 23.4 122 22.4 61'.6 83 
An gust 
···· ··· ··· 
28.9 132 19.8 54.7 74.5 
September ...... 29.5 142.4 23.1 53.8 76.9 
October 
········· 
45.6 157.7 28.6 64.5 93.1 
November ....... 57.2 166.7 19.1 58.5 77.6 
After November 1 73.9 195 34.5 63.5 98 
The observations were made the first part of each month, and birds 
showing indications of molt at that time were classified as starting to molt 
that particular month. The birds molting on or before September 1 aver-
aged 133.4 eggs their pullet year, and have an average production from 
November 1 to June 30 of 77.3, while those molting after September 1 aver-
aged 171 eggs their pullet year and 87.2 the first eight months of their sec-
ond laying season. The early molters required more time for molting and 
took a longer vacation the first molting season. Even though nearly 
through the molt on November 1 they failed to lay as well during the win-
ter as did those which molted later. 
Of significance was the group which showed no signs of molt November 
1. These birds with an average of 195 eggs their first laying season have 
made the best· record of any group since November 1. 
The Value of Sour Milk and Beef Scraps in Rations for Growing 
Chicks, and the Cost of Growing Chicks (H. L. Kempster, E. W. Hender-
son) .-Chicks fed dry mashes containing 20 percent tankage, and dried but-
termilk respectively in addition to the chick feed consisting of a mixture 
of cracked grains were compared with chicks fed plain mash containing 
no protein concentrate of animal origin, but which were supplied all the 
sour skimmilk the chicks would consume. A check pen was fed the same 
ratiop as the sour milk pen but was given in addition boiled eggs daily at 
the rate of one egg for each 30 chicks. At the end of eight weeks the 
chicks fed tankage weighed 0.285 pounds, those fed sour milk 0.474 pounds 
and those fed sour milk and eggs 0.544 pounds each. The mortality was 
12.5 percent for the tankage, 24 percent for the dried buttermilk, 15 percent 
for the sour skimmilk and check pens. 
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RURAL LIFE 
(0. R. joHNSON, Chairman) 
Utilization of Labor on the Farm (0. R. J ohnson).-Comparisons were 
made of labor utilization on farms with large and small incomes. 
TABLE 22.-TH E RELA1'ION BETWEEN SrzE OF FIEI.D AND L ABOR R EQUIRED I N CoRN PRODu CTio N. 
Under 10 to 20 20 to 30 Over 30 
Operation 10 a cres ~acres acres acres 
Hrs . Time Hrs. Time Hrs. Tim·e H rs. Time 
pe r saved pe r saved per saved per saved 
a cre o/o acre o/o ncre o/o acre % 
!\I an Labor. 
Disking ........ 1.62 0 1.38 14.8 .91 43.8 1.01 37.7 
Breaking 5.::!0 0 4.05 23.6 3.36 36.6 l!.SfJ 45.4 
Harrowing 1.70 0 1.20 29.4 .97 42.8 .98 42.3 
Planting ... ... . 2.12 0 1.65 22.1 1.::!0 38.7 1.74 17.8 
Rolling ..... ... 1.10 0 .63 42.7 .• 60 45.5 .44 60.0 
Cultivating 
3 times .. .... 6.77 0 5.41 20.0 4.98 26.3 4.15 38.6 
Husking 5.00 0 4.94 2.2 3.72 25.6 3.50 30.0 
Horse Labor. 
Disking 5.44 0 4.65 14.5 3.39 37.6 3.56 34.5 
Breaking 12.90 0 10.87 15.7 9.60 25.5 8.98 30.3 
Harrowing 
·· ··· 
4.76 0 3.52 26.0 3.32 30.2 2.G6 44.0 
Planting .. ..... 3.30 0 2.62 20.6 2.26 27.5 2.07 19.1 
Rolling ..... .. . 2.20 0' 1.25 43.2 1.21 45.0 0.93 57.7 
Cultivating 
3 times . . ... . 12.00 0 9.74 18.8 9.29 22.6 8.34 30.5 
Husking 
··· · ··· 
6.5 0 5.86 9.8 5.06 00.2 5.26 19.0 
Cost of Producing Beef in Missouri* (0. R. Johnson, B. H . Frame) .-
Using the detailed records secured during the feeding season of 1920-21, an 
attempt has· been made to decide what the factor was which determined 
whether beef cattle feeding was profitable or unprofitable. In order to 
have a common basis for comparison the cattle were grouped according 
to the receipts per $100 worth of feed fed. The following factors were then 
calculated for each group: the margin between buying and selling price, 
weight of cattle fed, length of feeding period, daily gain per animal, man 
labor per animal and horse labor per animal. Examination of Table 23 
will show that only two of these factors seemed to have any influence on 
the profits obtained. There seemed to be a rather close correlation be-
tween the margin received and profit and also between average daily gain 
and profits. 
Cost of Producing Farm Products Under Farm Conditions (0~ R. John-
son, B. H. Frame).-Complete farm records have been summarized for the 
past year on 13 farms. The costs of producing wheat, oats, corn and hay 
in Missouri have been summarized for the year 1921. The following is a 
summary of Bulletin 190 of this Station: 
*In cooperation with the U . S. Department of Agriculture. 
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TABI,E 23.-RESur.Ts oF F££DINC CATTLI! ON TwEN1'Y· FouR MISSOURI FARMS FOR THE S£ASO~ 
1920-1921. 
I ~ P-o "' .9 = "' 
"' 
;; 
"" 
,__ rn 
"" ~ '" E ..... "' '" = "' "' '""" "' " ""S " = -~ ~"" "" "' "' "' -~ "' ~ ... "" ... -~ ""= "' ... "' "' " .... 
" 
0 " 0 " 
'"'.::i ..... " "' '" "' d .s ~ " e: 0 0 s ... 
"'o 
'" 
... 
"' 
"'-~ ,;: ... ~.s Receipts per $100 bJJ,._, "' "' .... "' "' .., ,;: = "' = ~ ... "' "' "'"" t f.l:j " "' "' "" 'bj, feed fed s s ~ = = ... "' P-o ... 
"' 
... = ="" .... = 
... .., ~ "' ... 
.. 
"' 
= = -a 0 "' " "' 0 0 " "' " -<1 z z H.::l :;:1 ~~ pti .... 
"" 
>-< 
"" """' 
~
------------------------
Less tha n $25 ... . $3.74 3 177 994 192 0.039 0.074 1.07 $1.90 
$25 to 50 
·· ··· ·· · 
44.37 4 232 934 228 0.040 0.047 1.47 1.48 
$50 to 75 
········ 
65.02 5 513 897 337 0.038 (}.045 1.46 1.07 
$75 to 100 .. ..... 88.55 4 245 775 188 0.047 0.065 1.70 0.26 
$100 to 125 ... .... 115.27 3 146 927 215 0.044 0.072 1.69 0.23 
$125 to 150 .. .... 136.71 3 231 925 237 0.025 0.047 1.45 0.55 
$150 or more .... 174.21 2 41 982 169 0.057 0.075 1.86 1.61 
1. The average cost of production in Missouri in 1921 was $2.26 for 
a bushel of wheat, 63c for a bushel of oats and 62c for a bushel of corn at 
the farm. The average cost of producing hay was $5.99 per ton at the 
farm. 
2. Yield was a very important factor in the cost of production. As 
the yield increased the cost per acre increased but the cost per bushel de-
creased until the optimum yield was reached. When the optimum yield 
was passed the cost per bushel again increased. 
3. While there was a wide difference between counties in the cost of 
production owing to difference in yield, not a single county in the State 
could sell its wheat, oats or corn crop at the present market prices for 
enough to cover the cost of production. 
4. In some counties the hay crop returned a profit while in others, 
farther from the primary markets, it was not worth the cost of harvesting. 
5. The price of farm products should be more than the average cost 
of production or the nation will eventually be faced with the problem· of 
under-production. 
6. Allowing the operator 10 percent for his capital and managerial 
ability brings the farm price of wheat, oats and corn up to $2.57, 76c and 
68c respectively and the cost of a ton of hay at the farm $13.86. 
7. Production costs seemed to have reached the peak in 1920 and are 
now on the decline. 
8. One of two things must happen: there must be a further reduction 
in production costs, or prices of farm products must rise to more nearly the 
level of production costs, 
The cost of producing milk on 16 Missouri farms during the year 1918 
has been summari:zed. It should be noticed that the table only gives the 
costs of feed, man labor, horse labor, equipment charge and interest on 
investment. A few miscellaneous expenses are omitted. 
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TABLE 24.-AVERAGE; CosT PER Cow AND AVERAGE Cos·r P£R 100 POUNDS Mrr.I< BY MONTH$ 
FOR 1918. 
F eed Man H o rse Equip- Int. on Cost per Average Cost per 
Month l a bor labor m ent inve st. cow product 100 lbs. 
milk 
January .. 6.45 1.77 0.21 0.08 0.49 9.00 280.3 3.20 
February 6.88 1.30 0.07 0.03 0.49 8.77 186.0 4.70 
March .... 10.76 1.64 0'>? 0.08 0.49 12.49 365.2 3.40 
April 7.76 1.78 0.09 0.03 0.49 10.15 429.1 2.36 
May 4.99 1.60 0.08 0.03 0.49 7.19 523.0 1.37 
June 3.45 1.57 0.06 0.02 0.49 5.59 510.2 1.10. 
July 3.89 1.55 0.04 0.01 0.49 5.98 471.0 1.27 
August ... 3.16 1.52 0.03 0.01 0.49 5.21 399.3 1.32 
September 3.63 1.53 0.05 0.02 0.49 5.72 423.5 1.35 
October 4.49 1.44 0.14 0.05 0.49 6.tl1 413.0 1.60 
November 5.65 1.58 0.21 0.08 0.49 7.91 396.3 2.00 
December 7.35 1.56 0.15 0.06 0.49 9.56 344.4 2.78 
The Agricultural and Market Value o.f Mis.souri F.a,rm Lands (0. R. 
Johnson).-During the past year actual sales of farm lands have been ob-
tained in seven counties in Missouri covering approximately 3,000 farms. 
This work was in cooperation with Bureau of Farm Management, U. S. Depart-
ment of Agriculture. A tabulation of this data has been made and a corre-
lation is now being made showing the relation between the rise in land 
prices and the prices o£ farm products and prices generally. This data goes 
back to the year 1823, and includes the following counties: Nodaway, Adair, 
Boone, Pike, Barton, Webster and Texas. 
Rural Trainilllg Laboratoo:y (Owen Howells).-A preliminary study has 
been made of 22 communities of Boone County. In eleven of these, condi-
tions were found to be favorable to the carrying out of the project. 
Assistance has been rendered to six communities, Columbia, H untsdale·, 
Hallsville, Ashland, Fair View and Deer Park. 
These communities have been stimulated by personal interviews, meet-
ings and conferences to take defiinte steps to work out their problems. 
· Eleven state or county organizations have been brought into direct 
contact with communities of the county. 
Arrangements have been made with the six communities mentioned 
T ABLE 25.-THE CosT oF FAMILY LIVING oN THE MISSOURI FARM FOR 1920. 
Farm Number Groceries Dry Goods Miscellaneous Total 
1 $368.21 $155.78 $ 442.25 $ 966.24 
2 78.21 27.65 61.82 167.68 
3 169.08 76.71 224.81 470.61) 
4 248.78 68.40 438.84 756.02' 
5 132.14 143.12 57.63 332.89< 
6 278.44 103.39 387.77 769.60 
7 280.88 353.27 1081.64 1714.99< 
8 251.66 118.38 986.05 1356.09 
0 411.81 423.66 695.73 1531.21) 
10 232.05 154.70 236.90 623.65 
Average 245.05 162.51 461.34 868.90• 
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for students in training to either observe or participate in various community 
activities. 
Cost of Family Living on the Missouri Farm (0. R. Johnson, B. H. 
Frame) .-No summary of the project was made last year, so therefore the 
results obtained for the last two years are included in this report. Costs 
were obtained on ten farms for the year 1920 and the costs are complete on 
eight farms for the year 1921. The work for 1921 has not yet been com-
pleted. The farm numbers for the two years indicate the same farm. 
TABI.ll 26.-T:a:Jl CosT oF FAMILY LIVING ON T:a:E MissouRI FARM FOR 1921. 
Farm Number Groceries Dry Goods Miscellaneous 'l'oto.l 
2 $ 63.13 $ 57.48 $ 35.55 $ 156.16 
3 
4 110.63 13.06 90.58 214.27 
5 85.88 107.74 145.51 339.13 
6 191.112 141.08 468.80 801.00 
7 55.67 120.09 333.81 509.57 
8 235.67 136.55 492.57 864.79 
9 329.75 251.72 1042.93 1624.40 
10 
11 139.32 67.31 442.19 648.82 
Average 151.40 111.88 381.49 644.77 
SOILS 
(M. F. Mru,ER, Chairman) 
Crop Rotation and Fertilizer Experiments (M. F. Miller, F. L. Duley, 
0. B. Price).-The year 1921 was the 33rd cropping season since these rota-
tion and manuring experiments were begun. Some interesting effects of 
season were noticeable in the yields. It was a good year for corn, oats and 
hay but rather a poor wheat year. Some of the yields from plots grown 
continuously to individual crops are given below: 
TABLll 27.-Yn!tos DURING THIRTY·TliiRD YEAR oF CoNTINuous CROPPING. 
Crop and treatment 
Corn continuously, no treatment .•...•..•......•.•• 
Corn continuously, manured annually ............ .. 
Wheat continuously, no treatment •......•..•••..... 
Wheat continuously, manured annually ..•...•...•. 
Oats continuously, no treatment ....•.•.... .' •...•• 
Oats continuously, manured annually ..•....... . .•. 
Timothy continuously, no treatment ........••...... 
Timothy continuously, manured annually ......... . 
Yields 
191'?1 
24.2 bus. 
42.8 bus. 
4.9 bus. 
16.9 bus. 
42.0 bus. 
46.8 bus. 
2576 lbs. 
6048 lbs. 
First 30· 
year average 
20.9 bus. 
34.9 bus. 
9.5 bus. 
18.1 bus. 
16.9 bus. 
27.3 bus. 
2577 Ibs. 
4902 Ibs. 
The season has a profound effect on the yield of these plots and as a 
result only those averages which include a considerable number of years 
are trustworthy. It will be observed that on all crops excepting wheat the 
1921 yields have been equal to or greater than the 30-year average. The 
1921 oats and timothy were especially high for the 33rd continuous crop. 
Fi g-, );",, .\1 :1 11 \ll't•d :tlld \llllllllttlll'l'd tilll(lflt.\' utt lil t• r o l n tl o tl l'~Pf 1 1' illtl' lll fll'ltl. 
Tlt f':-:P pil ot •• g- rn ph s sltll\\' til l' :t.!ntl t 'U IJ t lttiHIII ~ l' rop <1f I i tt iOlil,r, I lw IIJIJI(' L' o tt f' 111 n 11 
un•tl n tttl tlt t• l 11w•·t· unv ttntn :ttlttl'l•tl. 'l' il l' .v ll'ld of' til t" lltHtlllr( •d plot f •H' till s p :·tt•f\ (· u -
ln r .\'l':l l', l!i~O. w:t!-1 ~ •• :{ f'{ ll•s. nnd for tl utt {If tit tllllll :l tllil 'l'( i plol \\'liS :!,702 Jh s. JW I' 
:lt'l'l'. 
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p lo ts w hi c h were dup li ca ted 0 11 !h e f"1e ld , were c ha uge d to co u form w ith mor e 
111ocl c rn practice. One p lo t und er a ro ta ti o n of co n1 , o~ts, w h <~t an d c lov er 
w ith m an ure was ch a n ge d to app li c~tion s o f :lOO pound s of 3- 10-4 fe rtili zr r 
befo re co rn a nd 200 pounds of th e sa m e fe rtili ze r b efo r e wheat. Th e y ie lds 
durin g th e Ja,t rou nd f the ro tati o n hav e bee n mate ria ll y a b ove th 30-
yea r ;werage, th e cor n y ie ldin g 60.5 bush els , t h e oa ts, !i0.9 bus h e ls, th e 
w h e~t 2.; .G bu sh e ls, and the clover 4,9 28 1 o und s. Tt s ho ul d b e obsr r ve d 
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Ex.per im en ts to Determine th'e Best Systems of Soi l Managem ent for 
the Mos t Importa nt So il Types in Mi sso uri-Soi l Experiment Fields-
( \I . F. :\1 ill l' r , 1:. 1 ,, J),Jr.y, ( >. I\ . l 'ric,·>. l;t• llrlt'<' ll li,·ld s an· """' in " Jl '' r 
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h 1·ld n n tii< 'S<' t'1l'ld s dn rin g l il t' Sllllllll\'1' .,f l!l:!t, tlw t11 t:1l :ilt<' lld :lll <'<' n:-
,·<· t·dir g 1.111111. 
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rlt'ld s u t'(l ti W !-W l'rom pl o l !i r rc·C' I vl n J.( t' liiiPJ' llilu ~ phoru s o 1· I•Hn l ya rd 111 :1l11ll'l· nl' 
l •olil. 
l1 1 th e rPpo rl fo r th e yea r e nd in g Jun e :lO, 1!!21 , a Sllllllll a ry of th ' :ll'cragc 
rdur11 s frr ,nt a ll l'lcld s was g iven. A s ummary of th e return s fr 111 th e 
111 o rl' i111portant lil' ld s c l ~ ;,s ili e cl by so il ty pes is g iven in th e fo ll ow in g 
tai,Jc . Th e va ill t'S rcprl' sent tl1 e va lu e of th e increase above the CO> t of 
trca tlll <'nt, a nd Sl'l'll' :1s a ge nn:il indt·x to th e prim ary needs f th e so il 
ty pes in <Jli<'Sti on, w l1i ch r l' prc sent o ve r o ne-ha lf of th e till age land u f th e 
;, tate . 
. \ n exa minati o n o f th e ta ble w ill s how th e uni ve rsa l respon se to phos-
phaks, par li<: ul ar ly avai lable ph ospkttes, a g •nera l, a lth o1J gh not uni ve rsal 
rc ;, ponse to lim e, and a var ied respon se to po tas h. Til ' ma nure has of 
course g ivl' n a lm os t uniform ly go d r turn s w hil e th e roc k phosphat · has 
paid in t ilrc c cases a nd fa il ed to pay in four. There is littl e doubt th at th e 
mos t paying return s n m o st Mi sso uri so ils, as in cli ated by the se fie lds , 
ma y b •x p c tcd fr om ma nure, ava il abl e phosphate and lim e, w ith th re-
turn s from po tas h varyi ng w ith th e so il typ and th e crops g row n. 
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TABU 28.-Tm;; RESPONSE: OF Son, TYPES To TREATMENT. 
(V.ulue of Crop Increase Over Cost of Treatment.) 
Manure Bone .A. c. Rock Lime Potash 
Phos. Phos. 
N. l\lissouri 
Putna m silt loam ...... $ 9.08 $11.38 $ 2.63 $ 9.87 $-1.45 
Grundy silt loam ...... 8.65 7.91 -5.41 4.38 -0.15 
Shelby loam 
····· ·· ···· 
5.75 7.02 - 3.19 .45 4.63 
Marshall silt loam 4.65 .38 -2.45 -3.41 -2.02 
Border Ozarks 
Crawford silt loam $1!!.54 8.86 .57 
Union silt loam 
········ 
13.06 6.79 2.74 15.98 .99 
Eldon silt lonm 
······· 
20.31 4.11 3.53 -.56 5.75 
Ozark Region 
Gera ld silt loam 
·· ···· 
32.45 16.66 3.88 3.75 8.76 
Cla rksv!lle gravelly loam 21.71 26.62 21.68 4.25 -1.23 
L ebanon silt loam .... 12.25 6.17 2.15 - 2.08 -.so 
s. ,V, PPairie 
Oswego silt l oum ...... 4.04 7.32 12.04 1.55 -2.:19 
Cllel'oltee slit loam .... 5.34 --5.17 6.71 
Studies of the Water Abso,rption, Runoff, P.ercolation, Evaporation, 
Capillary Water Movement and Soil Erosion Under Field Conditions (M. F. 
Miller, F. L . Duley, 0. B. Price).-The experiment having to do with soi1 
erosion was designed to determine the effect of different systems of crop-
ping and different systems of soil management upon the amount of runoff 
and the amount of eroded material. Data are also being accumulated with 
reference to the losses of plant food through erosion. The followin g table 
gives a summary of some of the data secured based on a three-year average. 
TABt,E 29.-COMPARATIVll Lossx:s FROM EROSION WITH VARIO'tni CROPS AND TRI!A1'MENTS. 
Plot Treatment 
Scraped .......... • . .. .. .... 
Plowed 411 and cu iUv.nted 
Plowed 811 and cultivated 
Continuous sod ... ... .. . .. . 
Continuous wheat . . . ..... . 
Corn, wheat, clover, rotation 
Continuous corn . . . . . •.... 
Years to 
mrode 7 inehes 
39.4 
25.2 
27.1 
2336 
192.9 
252.6 
52.4 
Nitrogen lost 
per year 
103 lbs. 
158 lbs. 
147 lbs. 
1.7 lbs. 
21 lhs. 
16 lbs. 
76 lbs. 
Crops required to 
u t ilize nitrogen lost 
68 bus. corn 
105 b us. corn 
98 bus. corn 
28 years to equal ni-
t rogen !n 2 tons 
timothy 
10.7 bus. wheat 
¥.. as fast as crop loss 
50' bus. corn crop 
It will be observed that the most rapid erosion has taken place from 
the scraped plots, the largest amount of the nitrogen removed is from the 
cultivated .Plots. The effect of continuous sod in holding the soil is very 
well shown, as well as the effect of a rotation. as compared with continuous 
grain cropping. It is very interesting to note that the nitrogen losses 
through eroded . material alone on this type of soil and with the existing 
slope (which is approximately 4%) was equal to that removed by a 50 
bushel corn crop, this is, of course, much above the average yield of corn 
in the state. 
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This data should be viewed with the understanding that it applies to a 
single soil type with a given slope and that it was secured through a given 
period of years. Variations in soil slope and in rainfall would result in dif-
ferent data It seems quite likely, however, that the relative differences in 
erosion would remain approximately the same. It should be also under-
stood that the nitrogen losses given are those in the eroded material only 
and do not include loss of nitrates. 
The Rate ·Of Accumulation of Nitrogen and Carbon in Soils Under Dif-
ferent Systems of Green Manuring and Cropping (M. F. Miller, F. L. Duley, 
0. B. Price).-The work on this project has been continued and the second 
set of soil samples are in the process of analysis. A phase of this work in-
cluded a worn piece of land on which two non-legume crops, rye and sor-
ghum have been grown and turned under for four consecutive seasons. 
Analyses of the soil at the beginning and end showed an average accumula-
tion during the four years of 348 pounds of nitrogen and 4,344 pounds of 
organic carbon in the surface 2,000,000 pounds of an acre, due evidently to 
the fixation of nitrogen by Azotobacter or other free nitrogen fixing forms. 
Studies on the Longevity of B. Radicicola in the Soil (Wm. A. Albrecht). 
-B. Radicicola, the bacterium: that makes it possible for legumes to use air 
nitrogen in their growth is not always present in the soil, and must be put 
into the soil before the legume can live on air nitrogen in addition to that 
in the soil. Bacteria so put in must live in the soil from the time the 
legume crop is growing utttil this crop comes around again, since non-legume 
crops do not fost~r bacteria, and it is an important matter to know how long 
they live in the soil in the absence of the crop that nourishes them. The 
study of this question of how soon a soil must be re-inoculated shows that 
legume bacteria live for a considerable time, even in a ·dry soil. 
Two different soils on which soybeans and red clover had grown 
with plenty of nodules were stored under different conditions. Samples 
were left out of doors protected from contamination. Others were dried 
in the sunlight and some in the dark, and later stored so as to be free from 
chance contamination. At intervals of a half year, these. soils were planted 
with their respective legumes whose seeds were sterilized, to see if there 
were enough bacteria in the soil to produce good root infection. 
These tests have been run for four years and at the end of that time, 
the legume bacteria were still living, though the number of nodules pro-
duced per plant was less than on the earlier tests. Even though the soils 
were dried in sun it had enough viable bacteria to produce good inoculation. 
In gathering infected soil with which to inoculate a new field there seems 
to be little serious danger from exposure to the sun. Drying the soil and 
storing it fails to kill the bacteria and one may well expect good inoculation 
from a soil gathered one year, dried and used the next. Four-year tests 
indicated that soils once inoculated for soybeans and red clover would not 
need to be reinoculated when these crops recurred in a four-year rotation. 
Determination of the Relative Values of Different Forms of Phosphorus 
Upon the Soils at Columbia (M. F. Miller, F. L. Duley, 0. B. P.rice).-The 
results of the crop returns to date indicate that among the phosphates tested 
calcined phosphate ·stands first, when all are applied at approximately equal 
money values. 
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has given the largest yield and the 2-12-2 the least, with a corresponding 
decrease in net return. 
Several observations may be made regarding these results. (1) This 
thin land responded strikingly to soluble phosphates. (2) Additions of 2 
percent of ammonia and of potash to a base of soluble phosphate gave 
slightly greater yields and net returns, but the increases were very small. 
(3) This land responded slightly better to the addition of 2 percent of am-
monia than to 2 percent o:f potash. ( 4) Where a farmer has but a limited 
amount of money to invest in fertilizing this land, it will pay him better to 
invest it in acid phosphate, than in either 2-12-0 or 2-12-2. (5) Larger ap-
plications of all three fertilizers might have shown better net returns from 
the 2-12-0 or the 2-12-2, than from acid phosphate, although not necessarily 
so. 
This experiment derives its interest from the fact that the medium 
to small applications of fertilizer are about those used by the average Mis-
souri farmer. The results indicated that with such applications, 2 percent 
of ammonia or of potash supplied these materials in amounts too small to 
be of much consequence. 
Nitrate Accumulation in a Soil As Affected by the Crop and Cultiva-
tion (W. A. Albrecht).-Further studies on this project confirm the results 
previously reported, viz. 
1. The crop was of significant influence in removing nitrates 
and their accumulation was almost reciprocal to the rate and 
season of crop growth. 
2. Early spring tillage, especially plowing, increased nitrate 
accumulation, but surface tillage lessened it, at least in the . surface 
7 inches, and emphasized the importance of shallow cultivation. 
3. The straw mulch had a decided effect in holding down 
nitrate accumulation. 
Study of early fall plowing in plots for wheat suggested higher nitrate 
content, possibly through the destruction and prohibition of weeds that 
remove nitrate, rather than through increased production. It is possible 
that this ~s one of the beneficial effects of plowing early for wheat. 
Effects of Different Soil Treatments, Long Continued Upon Bacterial 
Activity in the Soil (W. A. Albrecht).-Further studies on the nitrifying 
activity of soils subjected to different systems of cropping for over 30 
years suggested that continuous cropping depressed nitrate accumulation by 
removal of the lime from the soil, since in both manured and unmanured soil 
the addition of limestone increased the nitrate content of the soils under 
laboratory tests. This was true for all crops tested. Soils. growing dif-
ferent crops showed similar responses, though slightly different in degree. 
In no case tested was the power of nitrate production lost, although its 
rate of accumulation may be low. The cultivated soils were considerably 
lower in rate than the sod crops, when tested in the laboratory. 
The Effect of Different Amounts and Different Methods of Applying 
Commercial Fertilizer on the Corn Crop (M. F. Miller, F . L . Duley, 0. B. 
Price).-The results secured during 1921 are quite similar to those secured 
in previous years. In general the results . of this experiment, which has 
been in progress for six years, indicated that for this soil and locaJity the 
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season is of great importance in determining the return secured from fer-
tilizers applied to corn. This was especially true where fertilizer is applied 
in the row. In this case, an early thrifty growth was secured, which re-
sulted in a large amount of .leaf surface, and if excessively dry weather 
followed during the latter part of the growing season the fertilized corn 
usually ''fired" more than that which had not been fertilized. This effect 
was sometimes offset by early planting. 
In general, the best results have been secured in this experiment by 
applying a fair amount of fertilizer in advance of the corn planter with a 
fertilizer drill, rather than in the row, although it must be recognized that 
small amounts of fertilizer applied in the row may often be just as profit-
able for the immediate crop. 
Effect of Weathering and Storage Upon the Composition of Bam!Yard 
Manure (M. F. Miller, F. L. Duley).-Studies having to do with the temper-
atures of manure stored in various ways were completed. It was found that 
when manure was stored in a shallow flat pile on the ground that the 
temperature did not rise much above the air temperature but when it was 
stored in a conical pile or in deep vats the temperature went to a much 
higher point, sometimes exceeding 160°F. Studies of the loss of consti-
tuents of the manure were also made but the analytical work has not been 
completed. 
Studies of the Tight Clay Layer in the Soils of the Level Prairies of 
Missouri (M. F. Miller, Richard Bradfield).-The object of this experiment 
is to secure information regarding the composition and the important 
characteristics of the tight clay subsoils which are more . or less common 
in Missouri. Studies during the past year have had to do particularly with 
the heavy clay subsoil of the Northeast Missouri level prairie (Putnam silt 
loam). It is hoped that these studies will lead to methods of ameliorating 
the condition of some of these heavy subsoils and improving the productivity 
of the land. 
The studies have been concentrated primarily on the character and 
behavior of the colloids in Putnam silt loam subsoil. These coqoids were 
•extracted by a high power centrifuge and were readily made available for 
study. The chemical composition of these has been found to be approxi-
mately 46% Si0 2, 24% Al20 3 , 7% Fe20 3 and 20% H 20 with small amounts 
of calcium, magnesium, sodium and potassium oxides. 
In order to determine the exact combination in which these occurred in 
the colloid a synthetic colloid having the same ultimate composition as the 
natural colloid was prepared. In doing this a method was worked out of 
preparing colloidal solutions by centrifugal means which gave products 
of greater purity and and greater uniformity in size of particles than was 
possible through the older methods. The natural colloid and the synthetic 
colloid. were subjected to various treatments and determinations, such as 
cataphoresis studies, the action of electrolytes, the ~elative solubilities in 
dilute acid and alkali, and hydrogen-ion concentration studies. Results se-
cured from these various studies indicated that the natural colloid was 
not made up of appreciable amounts of the free oxides but was largely a 
highly hydrated complex alumino-silicate which may be considered as the 
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end product of the weathering of certain soil materials in humid, temperate 
regions. 
Studies on the effect of electrolytes on the natural colloid have shown 
some very pronounced differences, some so striking that there is hope of 
utilizing these electrolytes effectively in field studies. 
VETERINARY SCIENCE 
(]. W. CoNNAWAY, Chairman) 
Infectious Abortion in Cattle and Swine (J. W. Connaway, A. ]. Durant, 
H. G. Newman).-The research project on abortion in cattle and swine, 
and related problems, received major attention during the year. These re-
searches relate to (1) the viability and virulency of the Bang abortion in-
fection, in both artificially and naturally infected animals; (2) a study of 
the conditions of transmission of the infection; (3) immunity in old and 
young, and transmission of B. abortus antibodies from mother. to young. Three 
separate herds of cattle and one herd of swine, comprising a total of 198 
cattle, and 96 swine, were under systematic study during the year. The 
report is made upon these. Other herds, however·, supplied additional con-
firmatory data. An abstract of the year's progress is given herewith. 
Study of an artificially infected group of cattle.-In a group of five cows 
which were artificially infected with the B. abortus Bang organisms four years 
previously, four of the cows gave birth during the year to living calves, 
while one was sterile from cystic ovaries. This cow and another of the 
group had aborted during their first pregnancy from artificial infection, 
while three of the same group, which had received the inoculation in a late 
stage of pregnancy, carried their calves full time. With but few omissions 
<lr negative phases, all five cows had been persistent reactors to the comple-
.ment fixation test for B. abortus antibodies, at monthly intervals during the 
four-year period which included an "open" or fallow season of two and one-
naif to three years before the cows were rebred. The reactions for the 
B. abortus antibodies were persistently positive through the second gesta-
tion, except for a temporary negative phase in the case of one cow, im-
mediately prior to, and following parturition. 
The colostral milk of the four pregnant cows gave a positive reaction for 
the B. abortus antibodies, as did also the blood serum of three calves which 
were allowed to ingest the colostral milk of their mothers. The blood serum 
<lf the fourth calf which was deprived of the colostral milk of its mother 
remained negatiye; although it subsequently sucked its own mother daily 
until weaned. 
A portion of an apparently healthy afterbirth from one of these arti-
ficially infected cows was fed to a non-reacting pregnant heifer-with the 
result that a positive serological reaction for the abortion antibodies de-
veloped between the monthly tests made on the 62d and 89th days after 
1ngesting the emulsion of afterbirth. She had not, however, aborted be-
fore the close of the fiscal year, 109 days following the feeding of the after-
birth. (Note.-Prior to the date of this publication, this cow gave birth to 
a living fully developed calf. The colostrum of. the cow was strongly posi-
tive for B. abortus antibodies, and the calf developed a positive reaction 
after sucking the mother.) 
90 MissouRI AGRICULTURAL ExPERIMENT STATION BuLLETIN 197 
The facts reported in the foregoing experiments justify the conclusion 
that the five cows which had been inoculated artificially four years before, 
and had been kept isolated from other cattle, infected either naturally or 
artificially with fresher strains of B. abortus, were still carriers of the Bang 
abortion infection. And that, at the time of parturition, they were capable 
of infecting other non-reacting pregnant cows through their uterine dis-
charges (afterbirths, etc.) 
Since one of the cows which aborted during her first pregnancy gave 
birth to a full time normal calf, this animal had evidently acquired a greater 
degree of resistance or immunity; or on the other hand there was some 
dimunition in the virulency of the infection which she harbored; other 
facts, however, in this research show that an apparently mild infection 
which has been carried long in a herd is liable to become virulent. 
To determine further the conditions of transmissibility of infection in 
this group of artificially infected cows, three non-reacting pregnant heifers 
were allowed to commingle freely ·during their full gestation period with 
the five infected cows which had been bred a week or more after the younger 
animals. None of the non-reacting pregnant heifers developed a positive 
reaction during their gestation periods, as shown by monthly blood tests. 
Each heifer gave birth to a living calf at full term. The colostrum was 
negative for abortion antibodies and the blood serum of each calf remained 
negative after ingesting its mother's milk. 
It is evident that under the conditions of exposure the four artificially 
infected cows did not discharge abortion infection, prior to parturition, in 
sufficient amount and virulence to infect the heifers exposed to them. More-
over, the "open" sterile cow, although a reactor, apparently did not dis-
charge infection of a dangerous character. The gregarious habits of cattle 
in grazing and bedding insured a fairly close contact of the non-reactors 
with the reactors, while grazing on a 30-acre pasture, and while eating hay 
at closer range. 
Exposure of non-reactors to naturally infected abortion rcactors.-In 
another group of 117 dairy cattle of various ages under systematic test for 
abortion infection, there were 53 pregnant cows, of which 3 were reactors 
from natural infection. One of the reactors had aborted three times, another 
twice, and the third once. The latter, a young cow, and one of the older 
cows, the mother of the younger one, had aborted the previous year. And 
the B. abort~ts organisms were isolated from the discharges of the younger 
cow. The colostral milk of these cows at each parturition has shown a posi-
tive reaction for abortion antibodies, and the blood serum of all their living 
calves was also positive after sucking their mothers. The younger cow of 
the group, as indicated by circumstances, contracted the disease when young, 
from the milk of her mother, and as an exceptional case did not destroy 
the early infection but carried it to the age of sexual maturity, and became a 
persistent reactor and potential distributor of abortion infection. But in 
spite of this unfavorable history, all three of these reactors commingled 
freely at pasture during the year with the 50 non-reactors, up to within a 
few days of the normal calving of these reactors; at which time they were 
separated from the herd and kept isolated until they had thoroughly cleaned, 
and had been well disinfected. The rule to separate reactors from the herd 
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before calving, or when showing symptoms of abortion, and applying proper 
-disinfection, has apparently prevented the dangerous spread of abortion 
disease in this herd, not only during the recent fiscal period, but for a num-
ber of years. 
Check g1·oup showing spread of abortion infection,-The record of another 
11erd, comprising 57 breeding cows and 2 bulls, which was tested from time 
to time, shows a marked contrast to the results reported in the two fore-
going groups. In this herd, six months prior to the beginning of the fiscal 
year, the serological test for abortion infection showed only three reactors. 
These reactors were not properly isolated from the herd before calving, or 
when showing premonitory symptoms of abortion, nor properly disinfected 
after calving or aborting. An opportunity occurred at different times dur-
ing the year for the non-reactors of the herd to ingest portions of the after-
births or the lochial discharges from the infected cows. Other cows in 
increasing numbers showed the reaction at each subsequent test, and some 
aborted, and before the close of the fiscal period 45 of the original breeding 
cows had become infected. 
The facts presented in the study of the three foregoing groups of cat-
tle, are of practical significance in simplifying the management of abortion-
infected herds on farms that are not provided with a sufficient number of 
separate pastures and barns for the permanent isolation of infected animals. 
Fate of abo1·tion infection when inoculated into males.-In previous reports, 
mention was made of experiments to determine the influence of the male 
sexual glands (testicles )on the vitality of the abortion infection.· A bull and 
a steer were inoculated with B. abortus Bang cultures. Temperature records 
and repeated serological tests were made. An autopsy and study of the 
visceral gl'ands were also made. The report on the bull has already been 
presented. Observations on the steer were concluded during the recent 
fiscal year. The results show that the presence of the testicular substance 
is not necessary for a prolonged retention of the abortion infection-or re-
sponse to the serological test for abortion antibodies. In comparison with 
the bul! the unsexed animal (an Ayrshire steer) was the more persistent 
reactor, indicating that the testicular substances is probably strongly antag-
onistic to the B. abortus infection; although bulls may become naturally 
infected and develop testicular lesions. 
Localization of B. abortus infection.-It was shown by the experiment on 
the steer that the B. abortus infection may localize in the liver, and probably 
also in the spleen, as occurs in laboratory animals (guinea pigs). Two en-
capsulated abscesses were found in the liver of the steer; and the pus from same 
gave a strong reaction for B. abortus antibodies in dilute saline solution. The 
spleen contained a fibrous tumor as large as a hen's egg, apparently showing 
evidence of a previous bacterial infection. The B. abortus organism, however, 
was not recovered by direct inoculation of culture media, nor by inoculation of 
guinea pigs. 
The Bang abortion infection evidently is capable of localizing in other or-
gans of cattle than in the sexual organs, and in the udder and coni oined lymph 
nodes. Moreover, the indications are that the microbe of infectious abortion 
:may produce, more frequently than has been suspected, other harmful results, 
in addition to those of abortion and its frequent sequel-sterility. 
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Transmission of B. abortus antibodies to new-born calves by ingestion of 
colostrum-and effects of deprivation of same.-In the course of the study of 
other problems of cattle abortion an apportunity came to secure further data 
relating to colostrum as a carrier of B. abortus antibodies. In previous work 
on the groups of cattle mentioned, it was found that the colostrum of abortion 
infected antibodies at time of parturtio~, and that the blood serum of the calves 
was also positive a short time after birth. 
In the studies of the past year blood samples of three calves from naturally 
infected mothers, and from two calves from artificially infected mothers were 
secured before the calves had ingested the positive reacting colostrum. In each 
case the reaction to the complement fixing test for B. abortus antibodies was 
negative; but became positive in the case of four of the calves which were 
allowed to suck the "first milk" or colostrum. While in the case of the fifth 
calf, which was deprived of the colostrum by allowing two foster calves to 
nurse freely before the cow had calved and that had removed the colostrum, 
the blood reaction of the cow's own calf remained negative although the calf 
sucked its infected mother from birth. It was found, however, that the two 
foster nurslings, one of which had not sucked its own mother, (while the other 
had an opportunity but is not known to have sucked), became positive to the 
complement fixing test for B. abortus antibodies after sucking the colostrum of 
the abortion infected foster mother. 
As to the effects upon the health of new-born calves by depriving them of 
colostrum, the calf of the abortion infected cow, which was deprived of its 
mother's first milk, suffered no ill consequences, from the two foster nurslings 
having sucked its mother one for three days, and both concurrently for six ad-
ditional days before its birth. The cows had thus been in forced lactation nine 
days before calving. 
A further test was made of depriving new-born calves of colostrum. Two 
foster nurslings whose mothers were non-reactors were secured before they had 
sucked, and were put to suck on two abortion reactors which had been in lacta-
tion, one for a period of 26 days, and the other for 46 days. The first calf, 
D. 2, nursed its foster mother for 35 days before weaning; while the second 
calf, D. 5, nursed its fost~r mother (which had been in lactation 46 days) for 
6 days, and was then transferred to another abortion reactor which had been 
in lactation 111 days, and remained with this cow until weaned 62 days later, or 
on the 173rd day of lactation of the second foster mother. 
Neither of these foster nurslings showed any evidence of illness during the 
entire nursing period, nor showed any evidence of a complement fixing re-
action for B. abortus antibodies. Both foster nurslings and the calf of the 
reacting cow, which had been deprived of its mother's colostrum, but was al-
lowed to suckle warm milk directly from the udder at will, thrived as well as 
another group which received colostrum at birth. 
If the absence of B. abortus antibodies from the blood serum of the three 
nurslings, which were deprived of the colostral milk containing such antibodies, 
is an indication that the calves were also deprived of the antibodies of other 
microorganisms, such as the colon bacillus, it is evident that in these cases some 
other factor than · specific bacterial antibodies carried by the colostrum is re-
sponsible for the maintenance of the health of these calves. 
In other experiments carried out at this station and elsewhere "hand fed" 
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calves deprived of colostrum did not thrive so well as those receiving colostrum. 
It seems, however, that colostrum is not so essential if the calf ingests colostrum-
free milk in a natural way from the udder of a foster mother. 
Further Studies on Infectious Abortion of Swine.-The conclusions 
from previous experiments reported in Missouri Experiment Station Bulle-
tin 187 have had further verification from the year's work; and additional 
results are given herewith. 
Fe1·tility of abortion-infected sows.-Of the nine older sows in the experi-
mental herd, which had previously aborted, two remained sterile; a third had 
a litter of seven weak pigs which died soon after birth, while the next litter of 
six pigs lived. Another sow had two small litters during the year, one of three 
pigs and the other of two pigs, while still another had two subnormal litters, one 
of five pigs and the other of six pigs. The remaining four sows which had 
previously aborted were more prolific. One sow had one litter of seven pigs; 
another two litters of seven and nine pigs; and another two litters of eight 
and nine pigs; while the last sow of the group, also a persistent reactor, gave 
birth to two litters of twelve and thirteen pigs respectively. 
Including the sterile sows and the subnormal producers, there were five 
sows, or 55~ percent of the foregoing group, that were unprofitable, from the 
breeder's standpoint, as the result of permanent infection with the B. abort1u 
organisms. This fact is emphasized more strongly by the full breeding history 
of this group, which is not here taken into account. 
Two other sows, which had been added to the older group, and which had 
become infected naturally when gilts before their first breeding, and which so 
far as known had never aborted, gave birth to good litters of pigs during the 
year. One had a litter of nine living pigs and the other sow had two Jitters 
of nine and ten pigs. The colostral milk, as well as the blood of these two 
sows gave a positive reaction for the B. abortus antibodies; and the blood of the 
young pigs also reacted after they sucked their infected mothers. Moreover, a 
culture of the B. abortus germs was isolated from the colostral milk of one of 
these sows. She was evidently a carrier and distributor of the abortion in-
fection, although herself a good producer. The breeding efficiency of the herd 
was lowered, not only by actual abortion, but also by the subsequent total or 
partial sterility of some of the aborting sows, and a maintenance of infection 
in the herd. 
A sufficient number of the younger sows-progeny of the abortion-infected 
sows-have not as yet come into breeding service to determine the ultimate 
effect of maternal and herd infection on the breeding efficiency of continuously 
exposed female progeny. 
The occurrence of complement-fixing antibodies of B. abortus in Colostrum 
of infected swine; and transmission of same to new-born pigs by ingestion.-In 
the early outbreaks of swine abortion studied in 1919-20, it was found that 
the colostral milk invariably gave a positive reaction to the test for complement 
fixing antibodies of B. abortus infection-even in cases where the blood serum 
was temporarily negative. 
It was also found that in litters in whiCh some of the pigs had died without 
sucking the mother, the blood serum of such pigs gave a negative reaction, while 
the living litter-mates which ha.d sucked showed a strong positive reaction. A fuller 
study of the transmission of the complement-fixing B. abortus antibodies, from 
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infected sows to their young, was made during the fiscal period. Including 
previous work, 21 litters comprising 148 pigs have been studied. It was almost 
an invariable rule that the blood samples of pigs from abortion reacting dams 
were negative if drawn before pigs had sucked the mother, and positive if drawn 
a while after the pigs had sucked. It was thus found that the serological re-
action of the pigs was due to the absorption of the preformed complement-fix-
ing B. abortus antibodies, and not the result of active antigenic stimulation 
within the young pig before birth by abortion micro-organisms. That is, the 
reaction was apparently of a "passive" nature, from ingestion of the colostrum, 
and disappeared in the course of a few weeks----'a minimum period of 18 clays, 
and a maximum period of 79 days has been observed. The average duration 
was about 45 days. 
The power to destroy or eliminate the "absorbed" B. abortus antibodies 
differed even in pigs of the same litter, or on the other hand the amount of the 
colostral antibodies ingested by different pigs varied considerably. 
This "passive" reacting phase, it was observed, usually disappeared before 
the pigs were weaned; and it was foilowed by a negative period of somewhat 
prolonged duration, before the more permanent positive phase of serological 
reaction was established systematically through the activity of the B. abortus 
organisms, acquired either by natural exposure or by experimental infection. 
S!tsceptibility of young swine to B. abortus infection by natural and arti-ficial exposure.-A group of 50 young swine, comprising 31 gilts, 16 young 
boars and three young barrows, in part from the previous year's litters, was kc,,t 
under observation and subjected to monthly serological tests. All the young 
swine had been farrowed by abortion reactors, and ail except the young boars 
were allowed to remain continuously with the infected herd. Of the 31 gilts 
exposed to natural infection from birth, 26 became reactors during the year, 
and 2 of the 3 barrows which were also left with the herd became reactors. 
After the disappearance of the "passive" positive phase, as sucklings, none of 
the young swine of this group had shown any evidence of "active" infection up 
to the age of 40 to 6 months although remaining with the infected herd. At 
this time the young boars were separated from the herd and from the litter-
mate gilts, and were placed in clean isolated pens. The litter-mate gilts, and 
gilts of other litters, remained in the herd in more or less close contact with the 
mature abortion-infected sows. The ages at which the gilts showed evidences 
of active infection-that is a durable positive serological reaction for the spe-
cific B. abortus antibodies-varied from 40 to 220 months. The greater num-
ber developed the reaction when they were from 6 to 90 months of age. Five 
of the group had escaped infection, although exposed from birth in the infected 
herd, and some of thei'r litter-mates had become reactors. One of these per-
sistent non-reacting sows, which was either not susceptible or had not ingested 
or otherwise received virulent infection, had reached the age of 24 months. 
The minimum age of susceptibility of gilts to active infection with the B. 
abortus organisms corresponds closely to the advent of sexual maturity. It was 
also observed that the antibody content of the blood fluctuates more in young 
swine than in mature swine that become infected; as shown by alternating posi-
tive and negative periods. 
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Dr. 
To balance from appropriations for 1921-22 ................ $ 
Receipts from the Treasurer of the United States, 
as per appropriations for fiscal year ended June 
30, 1922, acts of Congress approved March 2, 1887 
Hatch 
Fund 
(Hatch Fund) , and March 16, 1906 (Adams Fund) .. $15,000.00 
Cr. Abstract 
By salaries ....................................... ................... 1 
Labor .................................... ................ ................ 2 
Publications ........................................................ 3 
Postage and stationery .................... ................ 4 
Freight and express ........................................ 5 
Heat, light, water, and power ........................ 6 
Chemicals and laboratory supplies ............ 7 
Seeds, plants, and sundry supplies ............ . 8 
Fertilizers ............................................................ 9 
Feeding stuffs ....................... ..................... ........ 10 
Library .......................................................... ........ 11 
Tools, machinery, and appliances ................ 12 
Furniture and fixtures .................................... 13 
Scientific apparatus and specimens ............ 14 
Live stock ............................................................ 15 
Traveling expenses ............................................ 16 
Contingent expenses ........................................ 17 
Buildings and land ............................................ 18 
Balance ................................................................................... . 
11,260.82 
1,542.85 
80.80 
185.88 
40.44 
182.64 
580.27 
741.26 
12.00 
58.28 
10.88 
19.21 
57.51 
222.41 
4.75 
Total ············'········································· ························ ·······-$15,000.00 
Adams 
Fund 
$15 ,000.00 
7,242.61 
1,557.79 
47.18 
112.80 
137.35 
299.61 
912.70 
3,412.82 
5.00 
71.79 
12.50 
845.53 
251.34 
90.98 
$15,000.00 
We, the undersigned, duly appointed Auditors of the Corporation, do 
hereby certify that we have examined the books and accounts of the Mis-
souri Agricultural Experiment Station for the fiscal year ended June 30, 
1922; that we have found the same well kept and classified as above;· that 
the balance brought forward from the preceding was $ none on the Hatch 
Fund and $ none on the Adams Fund; that the receipts for the year from 
the Treasurer of the United States were $15,000.00 under the act of Congress 
of March 2, 1887, and $15,000.00 under the act of Congress of March 16, 
1906, and the corresponding disbursements $15,000.00 and $15,000.00 ; for 
all of which proper vouchers are on file and have been by us examined and 
found correct, leaving balances of $ none and $ none. 
And we further certify that the expenditures have been solely for the 
purpose set forth in the Acts of Congress approved March 2, 1887,· and March 
16, 1906, and in accordance with the terms of said acts, respectively. 
Attest: 
LESLIE COWAN, 
Custodian 
Signed : 
EDWARD BROWN 
Acting as Auditor for the Curators, 
University of Missouri. 
